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Foreword

ENSURING ADEQUATE SUPPLIES OF STRATEGIC MINERALS
has long been a national concern. Congress held hearings on this problem
as far back as 1880. In 1939, the Government established a critical
minerals stockpile. Yet, as author Kenneth Kessel points out, the country
is still in search of a comprehensive policy. Too often, this search has
been buffeted—sometimes blown off course—by the unpredictable winds
of politics, economics, international crises—and flawed perceptions.

Many studies of the issue conclude that because of a mineral de-
pendency—often caused by ill-advised manipulation of the national
stockpile—the United States suffers strategic vulnerability. But depend-
ency, Kessel contends, does not necessarily mean vulnerability. He argues
that such pessimistic perceptions are based on unrealistic assumptions
and faulty premises—notably, the idea that certain minerals could not
be obtained at all. Legitimate worst case scenarios, Kessel says, do not
place the US and its allies in such dire straits. Although peacetime
economics makes cheaper foreign sources more attractive than domestic
ones, other approaches—synthetics, recycling, substitution—and other
sources can be tapped when necessary. New technology, furthermore,
continues to offer alternatives to strategic minerals.

Author Kessel thus advises us to put to rest unwarranted concerns
about the minerals vulnerability issue. As reassurance, he proposes better
ways to identify and obtain materials for the national stockpile. Supported
by a wealth of data and thought-provoking analysis, this study challenges
conventional approaches and offers reasonable alternatives for US critical
minerals policy.

2 o

A. BaALDWIN
VICE AnLMIRAL, US NAvy
PRESIDENT, NATIONAL DEFENSE UNIVERSITY
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Mineral Dependency:
The Vulnerability Issue

THE STRATEGIC MINERAL DEPENDENCY OF THE UNITED STATES
is not a recent development. In fact, US dependency has a long
history. But no country in the world is totally self-sufficient in
minerals, not even the USSR, despite its long-standing policy of
economic self-sufficiency. The use of the word “‘dependent” does
imply a vulnerability, however, and that is the crux of some con-
cern. A perhaps more accurate description of the status of US
strategic minerals is “domestic insufficiency” at current market
prices or “foreign trade deficit.” Nonetheless, the terms depend-
ency and vulnerability are in common use and form the basis of
the first two chapters of this book. The first chapter surveys the
pertinent data on global mineral resources, production, and trade
among the major players—comparing, in particular, the degree of
import dependence among them and defining “strategic minerals.”

Resources in the United States

The United States is heavily dependent on imports of key
minerals used in the production of strategic items such as military
jetengines, avionics, ships and tanks, artillery, and space vehicles.
Although this is a source of current concern for policy-makers, it
is not a recent development. Historically, the United States has

3
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never been self-sufficient in either strategic or nonstrategic min-
erals. Until the Great Depression, however, a balance between
mineral imports and exports was maintained. During the period
1900-1929 the United States produced nearly 90 percent of all the
minerals it consumed. Since about World War II, however, the
mineral position of the United States has deteriorated. Rising na-
tionalism in the Third World, accompanied by nationalization,
expropriation, increased taxation, and constraints on the degree
of foreign ownership have since limited control of foreign minerals
by US companies. Moreover, sharply higher energy costs since
1973 and a trend in the less developed countries toward processing
their own ores have led to a decline not only in mining but also
in the US mineral processing industry. Restrictive environmental
regulations have made domestic mineral exploitation and proc-
essing more difficult and costly than in the past and have greatly
increased lead times for new mineral ventures in the United States.
For example, according to a major copper company, it is subject
to rules and regulations issued by 54 different federal departments
and agencies, 42 state boards and commissions, and 39 local
government units, raising cumulative production costs of a pound
of copper by 10 to 15.1 cents.!

Despite such developments, imported mineral raw materials
of some $4 billion constitute less than 15 percent of total US
mineral raw material requirements. In fact, the value of such
imports equals only the value of recycled and reclaimed mineral
materials.2 However, when processed materials such as steel, alu-
minum, and ferroalloys are included, the US mineral trade balance
shows a $13 billion deficit, based on imports of $37 billion and
exports of only $24 billion. Putting these numbers in perspective,
the total value of processed materials of mineral origin is about
$240 billion or slightly less than 6 percent of the US Gross National
Product. This low percentage reflects the maturity of the US econ-
omy from one based on “smokestack” industries to one dominated
by services and technology. In order to reach this point in economic
development, however, minerals have been crucial, as seen in
historical consumption data. Estimates show that in the last 35
years alone, the United States has consumed more minerals than
did all mankind from the beginning of time until about 1940.3
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With just over 5 percent of the world’s population, the United
States still consumes about 23 percent of the world’s use of nonfuel
mineral resources for a per capita average of about 22,000 pounds
per year. No other country comes close to this per capita rate of
use.

The United States, moreover, did not become one of the
world’s leading industrial powers by being a mineral-short nation.
It has economic reserves in all but 12 of the 71 minerals in world
demand and in many of those 12—e.g., chromium, cobalt, and
manganese—it has resources that, while uneconomic at today’s
low prices, could be produced at higher prices (appendix A, table
A-1). Indeed, the United States mines and processes more than
90 metals and nonmetals. Much of this production, however, is
concentrated among the 20 highest valued minerals, which account
for over 90 percent of the value of production.¢ The United States
is especially rich in the nonmetallic minerals, producing in value
terms nearly three times the amount of its metallic mineral output.
The visibility of its strategic mineral imports also overshadows
the fact that the United States exports more than 60 different
metallic and nonmetallic minerals. In sum, the United States ranks
first or second in the world in the production of nonfuel minerals,
the rank depending on the level of overall economic activity.

Concentration of Global Supplies

Much of the world’s mineral wealth is located outside the
United States. This generalization holds especially true for the
strategic minerals. In many cases, foreign ore deposits are richer
than those found in the United States, are located close to cheap
energy sources, and are mined by low-cost labor. Moreover, in-
dustrial demand in these mineral-rich countries is considerably
lower than the available supplies, making them ideal export com-
modities. In effect, economic factors abroad have played an im-
portant role in contributing to the current state of US foreign
mineral dependence.

After the United States, the other major producers—ranked
in order of value of mineral production—are the USSR, Canada,
Australia, and South Africa. Of these four, the USSR ranks first
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in the world in the production of iron ore, manganese, steel, and
platinum-group metals and second in aluminum, lead, nickel, and
gold. Once a major force in world metals markets as an exporter,
the importance of the USSR—especially its strategic minerals—
has declined as its own internal demands have caught up to its
domestic mining capacity. Although there is no shortage of do-
mestic mineral resources within the Soviet Union, exploration and
development costs have risen sharply since the 1950s, with the
richest and easiest-to-mine ores exploited first. Because of the
sparse data released to the West, no one knows whether Soviet
mine capacity and production can be maintained in the face of
rising industrial demand. It is clear, however, that the production
base is moving to more inhospitable regions of the USSR, where
ores are less accessible. This geographic trend in Soviet mining
capacity forms the basis of one hypothesis of a US security con-
cem—the “Resource War,” which I expand on in chapter 2. The
gist and premise of this particular concern suggests that it may be
cheaper for the USSR to compete with the West in world metals
markets than to further develop its own resources.

Among the most critical strategic minerals, the USSR cur-
rently is a major exporter of only one—the platinum group—
despite being at or near the top in world resources and production
of all of the others (appendix A, tables A-2 through A-4). Among
the platinum-group metals (PGMs), the USSR is the world’s larg-
est palladium producer at 1.8 million troy ounces. Its platinum
production of 1.5 million troy ounces ranks a distant second behind
South Africa. Palladium exports to the West of 1.2 million troy
ounces account for more than 50 percent of total consumption.
Plati~um exports are much lower—less than 400,000 ounces in
1987 or only about 10 percent of Western consumption. The PGM
export mix reflects a relative shortage of platinum in Soviet ores,
which are found in a palladium-platinum ratio of about 5:1. The
USSR is also a significant exporter of rhodium, required in today’s
three-way automobile catalytic converters.

Although the USSR is the world’s largest manganese pro-
ducer, it has not exported any manganese to the West since 1978.
Small quantities of manganese concentrate and ferromanganese
are exported to Eastern Europe. The USSR has itself become
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increasingly dependent on the West for high-quality manganese
ore, importing several hundred thousand tons from Gabon, Aus-
tralia, and Brazil. A Soviet foreign trade official has indicated that
imports are being driven by a depletion in traditional ores, higher
demand, and increased requirements for higher quality materials.s
It seems unlikely that the USSR will become a major supplier of
manganese to the West until its steel industry is modernized and
it becomes more efficient in manganese use per ton of steel
produced.

The USSR also was once a major source of chromium for
the United States—supplying in 1970 nearly 60 percent of US
imports of metallurgical grade chromium at the height of the 1966-
72 United Nations’ embargo on Rhodesian chromium exports.
Subsequently, the Soviet share of all types of US chromium im-
ports fell to only 8 percent by 1981 as US ability to process lower
grade South African ore increased and as demand shifted from
basic ore to ferrochromium. By 1983 all chromium exports to the
United States had ceased. USSR chrome exports resumed in small
quantities in 1986—apparently because of US concern over sup-
plies from South Africa. Japan was once a major purchaser of
Soviet chromium ore, but purchases have fallen to about 50,000
tons per year. At their peak in 1970, Soviet chromium exports to
the West totaled one million tons. The USSR still exports very
small quantities of ferrochromium—about 10 to 15 thousand tons
per year, mostly to Western Europe.¢

For cobalt, the USSR is a net importer, depending on Cuba
for 45 percent of its consumption needs and importing a small
amount from Zaire. A major expansion in cobalt production from
arich ore deposit at the Noril’sk mining complex in eastern Siberia
will reportedly increase output there by one-third, but this will
not be enough to allow the USSR to export cobalt. It could, how-
ever, free up some supplies from Cuba for export to the West for
hard currency. Little is known about Soviet vanadium production.
The Bureau of Mines estimated that output in 1984 was about
9,500 metric tons or 25 percent of total world output. Small quan-
tities of vanadium pentoxide (used to produce ferrovanadium) are
imported from Finland and some vanadium slag and ferrovanadium
apparently are sent to Eastern Europe.
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Canada. Canada produces more than 60 mineral commod-
ities, ranking first in the world in the production of nickel, zinc,
potash, and asbestos and second in the production of molybdenum
and uranium. More important, perhaps, is that Canada exports
about two-thirds of its nonfuel mineral output, with some 70
percent of such exports going to the United States in the form of
asbestos, potash, gypsum, iron ore, nickel, silver, zinc, copper,
and lead. In strategic minerals, Canada is a small but nonetheless
important producer of several—accounting for 15 percent of the
world’s production of columbium, 9 percent of all cobalt, 4 percent
of all platinum-group metals, and 2.5 percent of all tungsten. In
1985 Canada accounted for 7 percent of US platinum imports.
Over the longer term, these supplies could increase as a result of
promising exploration projects now underway.

Australia. Australia produces more than 70 minerals, leading
the world in the output of bauxite, alumina, rutile, and ilmenite
concentrates—ores and intermediate products necessary for the
production of aluminum and titanium. In trade Australia’s mineral
exports account for over one-third of its total exports. Australia
ranks first, second, or third in the export of alumina, iron ore,
lead ilmenite, rutile, zinc, bauxite, nickel, and tungsten. Other
important exports include manganese, copper, tin, and silver.
Moreover, Australian mineral exploration and development are far

‘outpacing its industrial economic growth so that this country
should become an ever more important source of minerals to the
West in coming years.

South Africa. The Republic of South Africa deserves special
attention as the richest source of strategic minerals in the world.
Geologic fate was extremely kind to the country in two ways. As
is the case with Canada, Brazil, Australia, aid the USSR, South
Africa possesses the world’s oldest (Archaean) rock—rich in goid,
iron and manganese.” Moreover South Africa’s rock is exposed
and easily accessible to mineral development, where Brazil’s for-
mations are covered by rain forests, Canada’s by glacial debris,
Australia’s with the thick soils of the ~utback, and the USSR’s
with steppes. And, about 1.8 billion years ago the world’s largest
single igneous rock body was formed—about the size of Ireland—
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as a result of continental drifting. leaving behind huge deposits
of platinum, chromium, and diamonds.

The statistics for South Africa confirm its massive mineral
wealth. In chromium, South Africa contains 85 percent of the
world’s proven reserves and over 70 percent of its chromium
resources; in manganese, the equivalent percentages are 70 and
75; in the platinum-group metals, 90 percent of the world’s re-
serves; for vanadium, about 50 percent of reserves.®

As one might expect, the mineral production picture in South
Africa parallels the richness of its mineral endowment. It is the
world’s largest producer of gold and vanadium; second largest
producer of chromium, manganese, and platinum-group metals;
and third largest producer of industrial diamonds. With the ex-
ception of industrial diamonds and palladium, South Africa is the
largest exporter of all of these minerals; based on historical av-
erages, it has provided 5 percent or more of US consumption of
nine major mineral commodities, seven of which appear on the
national stockpile list of strategic and critical materials.® In several
instances, these shares are many times higher than 5 percent. South
Africa is the only source of large-particle, coarse-grade andalu-
site—critical for making the refractories that are used to line blast
furnaces used for iron and steelmaking. South Africa also supplies
about 85 percent of US consumption of platinum-group metals;
60 percent of US consumption of chrome ore; and 47 percent of
US consumption of ferrochromiur. It also provides 35 percent of
US imports of manganese ferroalloys. Until about 1986-87. Pre-
toria was considered to be an extremely reliable minerals supplier,
but the worsening of political conditions inside the country has
forced political-risk analysts to reassess the situation.

A 1985 US commodity study brought home the across-the-
board dominance of the world’s top five mineral producers (ap-
pendix A, Table A-5). More than 50 percent of the world’s pro-
duction of 10 of 25 important minerals originates with the United
States, Canada, Australia, South Africa, and the Soviet Union.'°
The USSR and South Africa alone produce more than 50 percent
of world production for five of them. Of these five, it is nearly
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universally agreed that three—platinum, manganese, and chro-
mium—are of strategic concern to the West because of their im-
portant military and essential civilian uses.

Zaire and Zambia. Among the Less Developed Countries
(LDCs), Zaire and Zambia merit special mention because of their
importance as world cobalt suppliers. Both produce cobalt as a
by-product of copper production from a rich copper-belt extending
roughly along their mutual border into the southern region of Zaire
known as Shaba. Zaire’s ores have one of the world’s highest
cobalt concentrations at .3 percent, while cobalt concentrations in
Zambia are about half this percentage.!' In terms of reserves,
Zaire ranks first in the world with 25 percent of the world’s total
and Zambia sixth. In terms of production, Zaire accounts for nearly
60 percent of the world total. Zambia is second in world output,
producing 11 percent. Moreover, these percentages are understated
because about 13 percent of global output is produced by Cuba
and the USSR and consumed within the Soviet Bloc. From an
export standpoint, Zaire and Zambia together supply 53 percent
of US cobalt imports and nearly 50 percent of annual consumption.
Many experts do not consider these supplies to be reliable because
at least 50 percent of these exports must pass through South Africa
by truck or rail to the ports of Port Elizabeth or East London.
Sr~me alternate supply possibilities exist, however, and these are
discussed chapter 2.

The rest of the world. Surprisingly, the high degree of con-
centration of mineral reserves that exists for the world’s top five
producers extends to the Less Developed Countries as well. (See
figure 1.) Fewer than 30 LDCs have reserves as high as 5 percent
of the world’s total for 25 difterent minerals. The LDC reserve
pattern differs mosi in that only one major mineral commodity is
usually found in a given LDC in significant quantity.’> Among the
major exceptions—meaning countries with more than one major
mineral resource—are Brazil (columbium, manganese. and tan-
talum), Peru and Mexico (silver, zinc, and copper). Thailand (co-
lumbium, tin, tantalum), Zaire and Zambia (copper and cobalt),
and the PRC (multiple minerals). In some cases, major new min-
eral discoveries could well be added to the list in large countries
such as Brazil and China, countries where mineral exploration is
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in its relative infancy and where geologic formations are prone to
mineral formation. In other cases such as Africa, deposits of new
minerals could well be found in some countries where exploration
has not been systematic. However, outside of southern Africa, new
discoveries are likely to be small in world terms, although im-
portant to the individual country as an additional source of foreign
exchange.

Abundant World Mineral Reserves

Some alarmistic groups have postulated that the world will
soon run out of basic necessities, especially food and minerals,
but the evidence does not support their case.'* This misplaced
alarm was especially prevalent during the first half of the 1970s
when (a) several consecutive poor world wheat crops did indeed
create a temporary shortage situation, (b) a series of strikes and
natural disasters led to concern about the inadequacy of the world’s
mineral supplies, and (c) the 1973 Arab oil embargo created a
near-panic situation. The dire calculations were erroneous because
they were based on extrapolations of past growth trends in material
supply and demand. Driving the calculations were linear projec-
tions of population growth, which created pressure from the de-
mand side, and a failure to allow for technological change, creating
pressure on the supply side. In the area of agriculture, for example,
improved yields have since led to record global food surpluses,
while near-zero population growth in several countries has pulled
the rug from under population projections.

In the minerals area, an examination of Burecau of Mines
estimates of reserves and cumulative demand to the year 2000
(table A-1) shows little cause for concern. The tightest situation
is projected for asbestos, industrial diamonds, indium, sulfur, tin,
and zinc. For the other 63 minerals listed, reserve estimates are
several multiples of demand. Moreover, these reserve estimates
are likely to be conservative.

Three factors could well lead to a continuation of surplus
mineral availability well into the next century. First, the post-
industrial age in the developed countries has meant that fewer raw
materials are being used to generate a dollar of GNP. The ratio
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of minerals demand to GNP—<called the intensity of use factor—
is on the decline for most of the bulk metals consumed by the
countries of the Organization for Economic Cooperation and De-
velopment (OECD). In the United States in 1972, for example, to
generate one billion dollars of GNP required 1.6 tons of copper
input. By 1984, the ratio fell to only .6 tons.'* Second, the LDCs
are entering a stage of slower overall economic growth, greatly
offsetting a rise in their own intensity of use. Economic forecasters
such as Wharton and others estimate that the 1980s will show
LDC growth on the order of only 4 percent, compared with nearly
6 percent in the 1970s. Third, the LDCs are unlikely to mirror
the industrial development stages experienced by most of the cur-
rent OECD countries. By by-passing extensive growth in heavy
industry for technology-dominated industries, many LDCs will
never reach the high intensity-of-use levels experienced by the
United States and Western Europe. Thus, it would seem that what-
ever US problems arise from a high degree of reliance on imports,
they will not likely be compounded by any absolute shortages in
world mineral supplies.

Defining Strategic Minerals

The focus of the remainder of this book will be the strategic
minerals and their implications for US vulnerability, related pol-
icies, and the public good. Perhaps the most difficult single ex-
ercise is in simply identifying the “‘strategic” minerals. Lists
abound and no two lists are alike. The first attempt to define
strategic minerals was made by the Army and Navy Munitions
Board following World War 1.! Two classifications were identi-
fied—strategic materials and critical materials. Strategic materials
were distinguished by their essentiality to the national defense,
their high degree of import-reliance in wartime, and the need for
strict conservation and distribution control. Critical materials were
considered less essential and more available domestically, requir-
ing some degree of conservation. Note the subjectivity of the
definitions, especially for the critical materials. In 1944 the dis-
tinction between strategic and critical was abandoned and the
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definition simplified to “being essential in war” and requiring
“prior provisioning” or stockpiling.

The current US definition, according to the Strategic and
Critical Materials Stock-Piling Act of 1979, as amended, defines
strategic and critical materials as those that (a) would be needed
to supply the military, industrial, and essential civilian needs of
the United States during a national emergency, and (b) are not
found or produced in the United States in sufficient quantities to
meet such need. The current definition differs little from the one
established some 50 years prior. The first part of the definition
implies essentiality. Figure 2 graphically illustrates US industrial
uses for five key strategic minerals. The second part of the current
definition relates to import reliance.

For operational purposes, in recommending and carrying out
national stockpile policy and management, the Federal Emergency
Management Agency (FEMA) defines “strategic™ as the “relative
availability” of a material and “critical” as its “essentiality.”
Whether the current National Defense Stockpile is consistent with
the above definitions is open to question. Nonetheless, it currently
consists of inventories of 74 distinguishable materials (appendix
A, table A-6). Many of these 74 materials are various forms or
grades of the same mineral. Depending upon how one groups
these materials, the stockpile contains roughly 35 basic minerals,
of which some 25 are metallic and the remainder nonmetallic.

A High Degree of Import Dependence

The word strategic has come to mean, more than anything
else, “import dependent”—defined as the ratio of imports to con-
sumption. Subsumed in this usage is a common understanding
that the exporting countries are somewhat unreliable as a source
of supplies. An examination of US Bureau of Mines dependence
figures for 1985 for selected minerals (figure 3) indicates that
imports constitute more than 50 percent of US consumption for
20 nonfuel minerals. In the 90 to 100 percent range are platinum,
cobalt, and manganese—which are found primarily in southern
Africa—as well as bauxite, columbium, mica, strontium, and
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US.A.

MAJOR SOURCES
coLumBiuM Brazil. Canada, Thailand
MANGANESE 00| Republic of South Africa, France, Brazil, Gabon
MICA (sheset) 00| India, Beigium, France
STRONTIUM 00| Mexico. Spain
BAUXITE & ALUMINA A i L i Suri
coBaLT Zaire, Zambis. Canada, Norway
PLATINUM GROUP RAepublic of South Africe, UK, U.S.S.R.
TANTALUM Thailand, Brazil, Malaysia, A i
POTASH Canada, isrsel
CHROMIUM Republic of So. Africs, Zimbsbwe. Yugo., Turkey
TIN Thailand Bolivia, § i
ASBESTOS Canada. Republic of South Africa
BARITE China, Morocco, Chile, Peru
ZINC Canads. Peru, Mexico, Australia
NICKEL Canads. Austratia, Botswana, Norway
TUNGSTEN Cansda, China, Bollvia, Portugal
SILVER Canada, Mexico, Peru, United Kingdom
MERCURY Spain, Algeria, Japan, Turkey
CADMIUM Canada. Australia. Peru, Mexico
SELENIUM Canads, United Kingdom, Japan, Bel.-Lux
GYPSUM Canads, Mexico, Spain
GOLD Canada, Uruguay, Switzeriand
COPPER Chile, Canada, Peru, Mexico
SILICON Brazil, Caneds, Norway. Venazuela
IRON ORE Canada, Venszusis, Liberis, Brazil
IRON & STEEL European Economic Community, Japan, Cansda
ALUMINUM Canads, Japan, Ghana, Venezuela
NITROGEN U.S.S.R., Canada, Trinidad & Tobago. Mexico
SULFUR Canada, Mexico

Figure 3. 1985 Net Import Reliance Selected Nonfuel Mineral Materials.

tantalum. In the case of chromium, the import dependence per-
centage has generally been lower—in the low- to mid-80s range—
because of the high degree of recycling of stainless steel scrap.

Western Europe and particularly Japan are even less self-
sufficient than the United States (figure 4). The European Com-
munity shows some 22 minerals in the 50 to 100 percent range
and Japan has 24. Japan is more than 90 percent dependent for 18
minerals and 100 percent dependent for 10. A look at the lower
half of figures 3 and 4 indicates that, for a wide variety of minerals,
the United States is relatively well-off, compared to Europe and
Japan.
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E.E.C. JAPAN

COLUMBIUM
MANGANESE
MICA isheet)
STRONTIUM
BAUXITE & ALUMINA
COBALT
PLATINUM GROUP
TANTALUM
POTASH
CHROMIUM
TIN
ASBESTOS
BARITE

ZINC

NICKEL
TUNGSTEN
SILVER
MERCURY
CADMIUM
SELENIUM
GYPSUM
GOLD
COPPER
SILICON

1IRON ORE
IRON & STEEL
ALUMINUM
NITROGEN
SULFUR

LEAD
MOLYBDENUM
PHOSPHATE

{

CESORREELE

mC

Figure 4. 1984 Net Import Reliance Selected Nonfuel Mineral Materials.

The USSR (figure 5) is in the best shape of all countries.
According to the Bureau of Mines, the Soviets enjoy a situation
of near-total self-sufficiency. In no case is the USSR as much as
50 percent dependent on imports and in only four cases are the
dependence figures in the 40 percent range. Moreover. in three of
the four cases—cobalt, bauxite, and tungsten—supplies come pri-
marily from Cuba, Eastern Europe, China, and Mongolia. Only
for bauxite and tin is the USSR relatively highly dependent on
Western supplies. The USSR’s high degree of self-sufficiency in
nonfuel minerals is explained primarily by two factors: (a) with
one-sixth of the world’s land mass, it is richly endowed with
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U.S.S.R.

MAJOR SOURCES

COLUMBIUM
MANGANESE
MICA isheet) 13 Indis
STRONTIUM
BAUXITE & ALUMINA 43 G G Hungary. india. Jamaics, Yugo.
COBALT 45 Cubs

PLATINUM GROUP
TANTALUM
POTASH
CHROMIUM

TIN Maiaysia, Singapore, United Kingdom
ASBESTOS

BARITE

2INC 2
NICKEL

TUNGSTEN

MERCURY

“ ———e 4
SILVER (A
CADMIUM —
SELENIUM I
GYPSUM
GOLD
COPPER
SILICON

IRON ORE I :

IRON & STEEL 4 E.E.C.. Japan
ALUMINUM

NITROGEN

SULFUR
LEAD

MOLYBDENUM is Mongolia
PHOSPHATE

Bulgeris, N. Korsa, Yugo.
A Ha, Finlend, Peru. Poland

China, Mongolis
Swi . United Kingdom

Figure 5. 1985 Net Import Reliance Selected Nonfuel Mineral Materials.

minerals; and (b) it has pursued a policy of autarky, i.e., the
establishment of a self-sufficient and independent national econ-
omy. Moscow has not always been successful in this approach—
insufficient grain production being one of its glaring failures—
but for minerals, the policy has worked and worked well. albeit
probably at great cost.

Mineral import dependence of the United States—while a
security concern—has provided the greatest net benefit to the larg-
est number of people. The costs of self-sufficiency are enormous
and the benefits of free trade well established. Elementary trade
theory is based on the law of comparative advantage, which in



Mineral Dependency 19

simplified terms says that if two countries each specialize only in
goods which they can produce most efficiently, both sides will
benefit by trading the goods that they produce for the goods pro-
duced by the other country, i.e., an economic “win-win” situation
is created. This has been especially true in minerals and metals
such as copper, aluminum, and steel—in which the United States
has experienced great declines in production, with foreign sup-
pliers sending cheaper products to the United States.

Benefits of Import Dependence

The benefits of interdependence in trade were supported by
the National Commission on Supplies and Shortages in a 1974
report, which stated that the United States imports nonfuel min-
erals because the nation and its citizens gain economic advan-
tages—lower costs and higher real incomes, i.e., the economic
public good is well-served. The report also made an important
distinction, noting that import dependence was more properly a
minerals trade deficit and rejected the idea that this somehow
represented a national loss. Indeed, the word dependence is an
emotion-packed word and implies a certain degree of vulnerability;
i.e., as a child is dependent on its parents, it is vulnerable in the
absence of its parents’ care.

Both the 1974 commission and a commission created by the
National Materials Policy Act of 1970 noted, however, that there
could be compelling national security reasons for forgoing the
advantages of a mineral’s trade-deficit situation. In its 1973 final
report to the President and to the Congress. the National Materials
commission concluded that

in the interest of national security, it is unwise to become dependent
upon specific strategic commodities for which the United States
lacks a resource base and which are obtained mainly from a small
number of countries which may choose to restrict or cut off the
flow of supply . . . . The interest of national security will be served

by maintaining access to a reasonable number of diverse suppliers
for as many materials as possible. '

To reduce this import dependence, the committee recom-
mended that the United States should attempt to foster the expan-
sion of domestic production, diversify sources of supply, find
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substitutes or develop synthetics, increase the dependence of sup-
plying countries upon continuing US goodwill, and allocate ex-
isting supplies through a priority use system. While these are all
good and great goals, they do not come without a price. In some
instances, such as expanding domestic production or developing
substitutes, that price may be very high.

The “List of Ten.” The Comprehensive Anti-Apartheid Act
of 1986 required the administration to prepare three studies on
strategic minerals. Responsibility for these studies was delegated
to the Secretary of State, in consultation with the Departments of
Commerce and Defense. Section 303 of the act prohibits the im-
portation of most goods from South African parastatals. Under
Section 303 (a)(2), exemptions are permitted for those strategic
minerals that are essential to the economy or defense of the United
States that are unavailable in sufficient quantities from other re-
liable and secure suppliers. Thus, the task of the first study was
to certify a list of exempt minerals with justifications for their
exemption. The creation of a working group to study the problem
allowed for input by several agencies within the executive branch.
In attempting to define a list of exempt items some participants
believed the list should contain every item in the current National
Defense Stockpile inventory. At the other extreme, some felt that
nothing should be on the list because of the worldwide glut of
almost every mineral. A modest list was eventually pared down
to 10 items and a consensus achieved. The “List of Ten” is an-
dalusite, antimony, chrysotile asbestos, chromium (including fer-
rochromium) manganese (and manganese ferroalloys), the
platinum-group metals, rutile and vanadium. In preparing the list.
the working group assumed that the USSR and Eastern Europe
were not reliable and secure suppliers.

The State Department study provides a sketch of each listed
mineral with data on their functions and uses, substitutes, US
production, current import sources, and supply availability outside
southern Africa. Appendix B is taken directly from the State
Department study.!’” There remains, however, considerable room
for disagreement about the inclusion of certain items on this list,
as will be explained in the next chapter on vulnerability. The
important point, however, is that a consensus was achieved among
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the policy-making agencies involved. Although it is impossible to
be entirely scientific in defining strategic minerals and reasonable
people can disagree, the concern here is that when one overstates
the degree of vulnerability, one is, in effect, propagating the notion
that the world’s largest, strongest, and most innovative economy
could easily be brought to its knees by the loss of one or two
strategic minerals. The record shows that this did not happen in
World Wars I or II, the Korean war, or Vietnam, even though
technology, transportation, information transfer, and industrial
competitiveness were in their relative infancies. Indeed, the con-
certed efforts of some nations—through trade sanctions—to de-
stroy the economies or bring down the governments of much
smaller nations have failed in nearly every instance. Thus, the
likelihood that the United States with its $4 trillion economy would
be unable to survive the loss of certain supplies of strategic min-
erals approaches zero. Indeed, in this context, according to one
unnamed administration official:

If the whole continent of Africa, from Libya in the north to Cape
Town in the south, sank beneath the waves, life would go on here
just the same. '

On the “List of Ten” are four minerals—chromium, cobalt,
manganese, and the platinum group—for which there is general
agreement that their unavailability could indeed have a major im-
pact on essential civilian and defense industries. ' These four have
few or no good substitutes, are essential to the production of
important weapons or key industrial processes, and are located
primarily in countries of questionable supply reliability—southern
Africa and the USSR. A fifth mineral, vanadium, is also some-
times grouped in this category for essentially the same reasons.

The combined production of the USSR and South Africa. as
a percent of the world’s total, for four of these five minerals (cobalt
being the exception) ranges from a low of 51 percent for manganese
to a high of nearly 94 percent for the platinum-group metals
(appendix A, table A-7). A similar calculation of reserves shows
a low of 77 percent for manganese and a high of 98 percent for
the platinum group. For cobalt, Zaire and Zambia combined ac-
count for some 70 percent of world reserves. However, counter to
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alarmists’ views, a high level of supply concentration is only one
factor affecting any vulnerability analysis and does not necessarily
create a high degree of risk to the importing country. Many other
factors need to be incorporated into the analysis and each mineral
needs to be examined individually for the unique characteristics
of its markets.

The Comprehensive Anti-Apartheid Act of 1986 also required
an analysis of US dependence on South African imports for ali
materials in the government stockpile (appendix A, table A-8).
The salient point is how sharply dependency percentages decline
when the focus is on any one supplying country—even one as
critically important as South Africa. Taking simple averages, total
import dependence for the above four minerals averages 90 percent;
for South Africa alone the percentage falls to 42 percent.

Analysis of other minerals in the study showed South African
import dependencies of 28 percent for industrial diamonds, 29
percent for vanadium, and 24 percent for rutile, the primary ore
for titanium metal. For most of the remaining materials in the
stockpile, South African import dependencies were small or
negligible.

Although South Africa is a key source for many strategic
minerals, most of the cobalt imported by the United States is not
produced there but in Zaire and Zambia. However, Pretoria’s al-
most total control over the major transport networks in the southern
Africa region raises valid concerns about Western access to cobalt
supplies. Estimates of the percentage of cobalt which is shipped
out of South African ports range from 50 to 90 percent. Intensive
efforts to break the transportation stranglehold that South Africa
exercises over its neighboring black states are being led by Prime
Minister Mugabe of Zimbabwe. Of six routes to the sea that could
by-pass South African rail and port facilities, only two are open—
the Tanzam railway to Dar es Salaam in Tanzania and the Voi
Nationale railroad and barge system to Matadi in the Congo—and
these two routes are slow, inefficient, congested, and lacking in
capacity. The other routes—through Mozambique to Nacala,
Beira, and Maputo on the Indian Ocean and through Angola to
Lobito on the Atlantic Ocean—have been closed for years due to
internal guerrilla warfare. A regional transportation organization—
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the Southern African Development and Co-ordination Conference
(SADCC)—has ambitious plans to reopen or modernize most of
these links.” The European Community, Scandinavia, and the
United States have contributed $850 million to these projects, but
some $4 billion will be required to finance the total reconstruction
effort.

Among the first priorities of the SADCC is the reopening of
the 400-mile rail, road. and oil pipeline connecting Zimbabwe's
capital, Harare, with the Mozambican port of Beira.?' Currently,
about 90 percent of Zimbabwe's total exports and imports transit
South Africa. There have been some unconfirmed reports that
Pretoria could shut down Zimbabwe's entire mining economy
within 30 days—including all ferrochromium exports. Aid offi-
cials, some members of Congress, and the State Department are
reluctant, however, to put money into a project where security
cannot be maintained. Even with 16,000 Zimbabwean troops in
Mozambique, Maputo cannot secure the route against insurgency
attacks by the anti-Marxist guerrillas. In addition to US political
opposition against aid for Mozambique, an avowed Marxist gov-
ernment, budgetary pressures likely will limit US aid to levels
well below those reportedly needed to carry out the project.*
Whereas a fiscal 1987 bill before Congress requested aid of about
$134 million over six years, the Reagan administration offered
only $36 million in 1987 and $57 million in 1988—with none of
the funds ear-marked for the Beira-corridor project. Given the
political, economic, and security obstacles facing the frontline
states, they will do well to modemize th. Tanzam route to Dar es
Salaam any time soon. While this project will alleviate some of
the transportation pressures, it is unlikely that Zambia, Zaire, and
Zimbabwe ever will be able to completely by-pass South Africa
in shipping out their minerals, leaving these exports subject to
some form of potential interdiction by Pretoria.

Critical Military Needs

The second part of the 1979 stockpiling definition emphasizes
criticality of use. For defense-related end items, there is little
ambiguity in this definition. Certain military items cannot be made
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without using strategic minerals. Among the best examples is the
turbofan or jet engine used in the F-15 and F-16 fighter aircraft.
Figure 6 shows the input requirements for the Pratt & Whitney
engine used in these aircraft as of 1983. Each engine requires the
procurement of nearly 5,500 pounds of titanium, more than 1,500
pounds of chromium, nearly 900 pounds of cobalt, and several
other critical metals.? Columbium is another important jet engine
metal for which the United States is 100 percent import dependent.
Highlighting some other important uses of strategic minerals,
chrysotile asbestos is needed for rocket and missile construction
and vanadium for titanium alloys used in aircraft bodies. Armor-
piercing shells generally cannot be made without tungsten. Mili-
tary electronics and avionics make important use of platinum.
Beryllium, one of the lightest metals, is used in missiles, aircraft
brike disks and airframes, satellite and space vehicles, and inertial
navigation systems for missiles and aircraft. Superalloys, which
have a wide range of military uses because of their resistance to
corrosion at very high temperatures, can contain as much as 65
percent cobalt and 25 percent chromium.

In most cases there are few acceptable substitutes for these
strategic metals, although materials scientists are constantly in-
vestigating alternatives. The Department of Defense. for its part,
has little incentive to adopt alternative materials—unless there
appears to be an acute threat of a shortage or supply interruption
for a given material in use because the development cycle for
getting a new material into a piece of military hardware is lengthy,
costly, and subject to risks. The decision to go with cobalt-based
superalloys, for example, was made in the early fifties and only
now are attempts being made to design cobalt out of these su-
peralloys or at least to reduce their cobalt content. Perhaps the
greatest obstacle to substitution in military end uses is that there
can be no significant degradation in performance; i.e., there is
little or no room for compromise in this area.

Despite these obstacles, research and testing continue—with
an occasional breakthrough on the horizon. One particularly fruit-
ful area—the development of cobalt-free oxide dispersion strength-
ened (ODS) superalloys. which are nickel and iron-based—could
extend the operational life of jet engine combustor linings by up
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Input Weight Requirements for the Pratt & Whitney F100 Turbofan Engine
Titanium 54791b (1983)
Nickel 45971b

Chromium 15371b
Cobalt 8861b
Aluminum 715lb
Columbium  163ib
Tantalum 3lb
(2 F100s on F-15 fighter and 1 F100 on F-16)

Figure 6. Strategic Metals in the F100 Engines.

to four times. Alloys of ODS materials also are generally superior
at higher operating temperatures, but their inferiority at interme-
diate temperatures continues to be an obstacle to their use in jet
turbine blades. However, one ODS alloy has been used for years
in high-pressure turbine valves of military aircraft, and more wide-
spread military applications of ODS technology can be expected.?*

The greatest degree of ambiguity of “criticality of use™ is
found in “essential civilian” applications. No clear-cut definition
exists within the US Government of essential civilian needs; per-
haps they are best defined by what they are not. Clearly, private
sector consumer-oriented industries generally are not considered
to be essential. There is general agreement that the iron and steel
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and ferroalloy industries, the chemical and petrochemical indus-
tries, the machine tool industry, and the nuclear power industries
are essential. Even these industries, however, produce both es-
sential and non-essential products. There are a number of gray
areas as well, such as the automotive industry. Clearly the ability
to produce trucks—both military and nonmilitary—is critical. On
the other hand, even the production of automobiles and the support
industries involved could be considered essential, based on do-
mestic economic criteria.

Using a broad definition, it would seem that any material
shortage that brought a major industrial sector of the economy to
a virtual standstill ought to be considered critical. This definition
would encompass not only medium and heavy industry but high-
tech industries, such as computers, as well. Along these lines,
DOD and stockpile planners are beginning to examine the criti-
cality of nontraditional materials such as gallium, germanium, and
the rare earths. To that end, President Reagan’s revised stockpile
program provided, for the first time, for the purchase of germanium
for the National Defense Stockpile.’* On the other hand, there
currently is no provision for the purchase of some two dozen other
exotic materials necessary for the development of President Re-
agan’s “Star Wars” system.

Looking Ahead

Having set the stage in this chapter by examining import
dependence at some length and attempting to define what is meant
by strategic minerals, the next chapter pursues in more detail a
number of issues that have been only touched upon so far—such
as vulnerability, substitution, and the stockpile. Chapter 3-“The
Public Good and Strategic Minerals Policy”—will tie these issues
to the policy process. In chapter 4, the author’s perspective will
be set aside in order to present the viewpoints of several key policy-
makers, as well as selected views in private industry. Industry
experts have often expressed the opinion that their expertise has
gone largely untapped in the making of strategic minerals policy
and that their viewpoints remain unheard or ignored. In the final
chapter, an attempt will be made to tie together the author’s own
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analysis with the opinions and analysis of selected government
and private experts and to recommend a new approach to the
strategic minerals dependence problem.




2

A Key Distinction:
Dependency Versus Vulnerability

THE COMMONLY HELD PERCEPTION THAT THE UNITED STATES IS
in an especially vulnerable position because it depends so highly
on imports for its strategic metals needs is pervasive and charged
with emotion. In a July 1986 speech on South Africa, President
Reagan stated, “Southern Africa and South Africa are the repo-
sitory of many vital minerals . . . for which the West has no other
secure source of supply.” Similarly, President Botha of South
Africa also engaged in a bit of hyperbole at times with his implied
threats to cut off strategic minerals exports to the West, stating,
“if South Africa were to withhold its chrome exports, one million
Americans would lose their jobs” and “the motor industry in Eu-
rope would be brought to a standstill.”' Neither President Reagan’s
statement nor Botha’s claims are correct although both have some
elements of truth.

The pervasiveness of the vulnerability issue extends far and
wide. Even the American Legion has a position on the issue,
adopted in September 1984 at its 66th National Convention in Salt
Lake City:

Resolved, that we support the US Government’s policy of construc-
tive engagement with South Africa, promoting peaceful evolution

away from apartheid, and urge all Americans to recognize the im-
portant US strategic interest in South Africa stemming from its
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mineral wealth, key geographic location, developed economy and
staunch anti-communist policies.?

This chapter will attempt to cut through the emotional and political
rhetoric, examining in detail the difference between dependency
and vulnerability in order to identify the areas where the risks of
import dependence do, indeed, create problems for the policy-
maker.

Distinguishing Vulnerability from Dependency

Import dependence-—or more properly, as noted in chapter 1,
the import deficit—is a necessary but not sufficient condition for
vulnerability. To be vulnerable means to be open to attack or
damage, implying a condition of weakness. Even this definition
is not especially useful. Inherent to it are value judgments: attacks
by whom and under what conditions and with what impact? 1t is
this ambiguity that gives rise to a disparity of viewpoints and a
lack of national consensus about whether the United States has a
serious problem and, perhaps more important, what needs to be
done about it.

In order to eliminate as much of this ambiguity as possible,
experts have identified various measurable criteria that can be
analytically applied to the problem of vulnerability. Each expert,
however, has his own set of criteria, the formulations of which
incorporate a weighted system of factors subjectively considered
to be the most important elements in the overall calculus. For
example, one expert study concluded that 16 criteria should be
used to determine import vulnerability:

—Number and sources of supply and their location:
—Total US consumption from overseas sources of supply;
—Degree of importance to the US economy;

—Ease with which industry can substitute for the material;
—Ease with which the material can be recovered or recycled;
—Rate of increase in consumption;

—Need for the material by the military for national defense;
—Dollar amount used by the United States;

—Importance to the economies of the nation’s allies:;
—Extent of worldwide competition for dwindling supplies;
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—Length of time required to expand sources of supply;

—Sudden shock impact of interruption of supply;

—Time required for substitution;

—Probability of an interruption, and length of time likely to
be involved;

—Extent to which the material is used as a catalyst in a
chemical process, i.e., the leverage factor;

—Political and economic aspects of supply.*

Even this grocery list of criteria fails to capture all of the
elements that need to be considered in a sound vulnerability anal-
ysis. Missing from the list are such variables as the availability
and adequacy of the National Defense Stockpile; the resource
sharing agreement that exists between the United States and Can-
ada; the vulnerability of US allies; US legal authority under the
Defense Production Act to acquire and allocate scarce civilian
supplies of materials under emergency conditions; costs of recy-
cling and developing substitute materials; research initiatives on
substitute materials by the Bureau of Mines, other federal agencies,
and the private sector; the adequacy of the defense industrial base:
and several others.

Perhaps the greatest flaw in most analyses is a failure to
distinguish supply interruptions in peacetime from demand short-
falls coupled with supply interruptions under wartime conditions
and the full mobilization of the US industrial base. Supply-side
factors are the most relevant in the former case, while in the latter
both supply and demand factors need to be taken into account.
Indeed, a construct for vulnerability analysis that distinguishes
supply and demand factors simplifies the analysis and provides a
more orderly approach to understanding the problem. The key
points of the discussion to follow include

—Supply concentration
—Reliability of supply
—Other sources of supply
—Recycling

—Effect of higher prices
—Technical conservation
—Substitution
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—Wartime vulnerability considerations
—Industrial mobilization

—Vulnerability analysis: four case studies
—Pseudo-strategic minerals

—A new breed of strategic materials
—Other vulnerability assessments

Supply-Side Factors

Supply concentration. As suggested in chapter 1, vulnera-
bility is proportional to the degree of concentration of foreign
supply sources. The greater the degree of concentration, the greater
the likely impact of a supply interruption. Among the Big Four
strategic minerals, platinum-group metal production is the most
highly concentrated. with South Africa and the USSR accounting
for 95 percent of global production, and manganese production
the least concentrated—the additive output of seven countries is
necessary to reach the 95 percent level. Among other strategic
materials with very high supply concentration levels are andalusite
(sole producer—South Africa), spinning grade chrysotile asbestos
(sole producer—Zimbabwe), and columbium (Brazil and Canada
produce 99.7 percent of world output). Among other strategic
minerals with relatively low degrees of production concentration
are antimony (18 major suppliers), cobalt (8 major suppliers).
tungsten (16 major suppliers), and bauxite (14 major suppliers).
Thus, for those minerals with a low level of supply concentration,
the loss of supplies from a single country not only would have
minimal initial impact, but other suppliers would soon take up the
slack by expanding their own output.

Reliability of supply. Vulnerability is also a function of the
likelihood and expected duration of any potential supply disrup-
tion. In order to make such a determination one needs to assess
the past and expected future reliability of the key supplying coun-
tries. Much has becn written on supply reliability. Indeed, most
major corporations have experts in political risk analysis—an area
where political judgments tend to supersede data analysis. Despite
a lack of consensus, a reasonable argument suggests that, in gen-
eral, one ought to consider US friends and allies as the most reliable




A Key Distinction 33

suppliers, LDCs as somewhat less reliable, and Communist coun-
try suppliers the least reliable. Another consideration—the length
of supply lines—suggests that supplies from producers in the
Western Hemisphere ought to be considered more reliable than
supplies from Asia and Africa, particularly under a wartime scen-
ario, since long supply lines are subject to a greater risk of in-
terdiction. Depending on the scenario then, supplies from Australia
and Thailand could be considered both reliable and unreliable. A
third consideration attempts to make the distinction between spo-
radic or unplanned interruptions and the potential for government-
initiated or planned disruptions in supply.*

The historical record shows a mixed picture of reliability.
Since World War II. supply problems have pestered metals users.
Interruptions, however, have been brief and mitigated by market
adjustments, inventory drawdowns, conservatio.:, and the substi-
tution of other materials. There is no conclusive evidence indi-
cating that increased import dependence has been accompanied
by greater supply problems. Indeed, improvements in transpor-
tation, communications, and marketing, coupled with greater re-
source availability, suggest the opposite may have occurred.

Nonetheless, disruptions of supply occasionally do occur.
They can stem from a number of factors—including natural dis-
asters, strikes. and economic and political decisions. The effect
of natural disasters on worldwide mineral supplies, however, has
never been great. When such disasters occur, remedial action is
usually undertaken quickly to restore production and exports to
their former levels. On the other hand, mining activity in the
developed countries has a long history of labor turmoil. Well-
organized and militant unions in developed countries have fre-
quently interrupted production with lengthy strikes. For example,
the nickel industry in Canada was subjected to a six-month strike
in 1980. In Australia, the mineral resources boom is being re-
strained by labor relations problems.

The supply record of the Less Developed Countries generally
has been good—even though labor in the LDC mining industries
generally is less disciplined than in the developed countries. Al-
though wildcat strikes do occur, they usually are settled quickly.
Thus, metals users have not found LDC unreliability to be a serious
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problem. Because trade is so important to their economies, Less
Developed Countries go to great lengths to assure that mineral
exports are not interrupted. Both state-owned and private mining
companies frequently carry large inventories as a safeguard against
strike-induced interruptions. Such inventories are used during
slack periods to ensure that the orders of the best customers are
met. According to industry estimates, for example, Zaire has about
20,000 tons of cobalt stored in Belgium. This amounts to about
one year’s consumption for the entire non-Communist world. Ma-
terial such as this in the processing and marketing pipelines could
keep supplies flowing to the West for a lengthy period even if mine
production were interrupted.

The record of the Communist countries as minerals suppliers
contrasts somewhat with that of the LDCs. Although these coun-
tries generally honor their contracts, they are in other ways un-
predictable suppliers. Both the USSR and China have a history of
bouncing in and out of the metals markets, especially in titanium
(the USSR) and tungsten (China). Neither country has revealed
much about its minerals policies, its future production and export
plans, or the timing of marketing decisions. Moreover. because
their mineral exports are state controlled, they can be quickly and
effectively cut off. At the beginning of the Korean war, the USSR
imposed an embargo on shipments of chrome to the United States.
During the Vietnam conflict, on the other hand, Soviet chrome
shipments to the United States increased. Similarly, following the
imposition of trade sanctions by the United States against the USSR
in January 1980, the Soviets continued to make deliveries of stra-
tegic metals under prior contracts and, in fact, solicited additional
transactions. The strategic planner must, nonetheless, regard the
Communist countries as unreliable sources of strategic minerals.
As for marketing behavior, the Soviets generally follow business-
like practices. No one has uncovered any evidence that the Soviets
have tried to deprive the United States or the West of strategic
metals in the market places. The Soviets, nevertheless, trade
shrewdly and are sensitive to situations in which they can garner
higher prices. In the 1970s they took advantage of the world
chrome shortage brought about by UN sanctions against Rhodesia
to triple the export price of Soviet chrome ore.® Other Western
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exporters tripled their prices as well. Similarly, Moscow has used
its dominant role in the platinum-group metals trade to maintain
high prices by limiting the volume of its exports.

The risk of government-sponsored actions designed to restrict
accessibility to minerals supplies also is of concern to the West,
but the historical record shows few successes. The ease with which
the OPEC oil cartel was able to restrict world petroleum supplies
and extract concessionary profits at the expense of the West has
raised the specter that nonfuel minerals producers could do like-
wise. The West’s fears appear to be unfounded. Nonfuel mineral
cartels have been abysmal failures. The association of major cop-
per exporting countries tried and failed to restrict output and main-
tain prices. The International Bauxite Association, formed by
Jamaica in 1974 and followed by other Caribbean bauxite-produc-
ing countries, attempted to garner windfall profits by imposing
stiff export taxes on local producers. Their ultimate failure was
assured by Australia’s refusal to participate in the association.
Indeed, new investments immediately moved from the Caribbean
nations to other countries while Caribbean enterprises stagnated.
The demise of the producer-controlled International Tin Council
in 1986—which became financially insolvent when it could no
longer afford to buy up excess world tin supplies in an attempt to
keep prices artificially high—eliminated the last cartel-like or-
ganization in the nonfuel minerals industry. Even the century-old
DeBeers diamond cartel is foundering, as the world’s three largest
producers—Australia, Zaire. and the USSR—have begun to mar-
ket more production through their own trade associations.

While such failures do not preclude future cartel attempts,
such risks appear small as, in fact, the National Commission on
Supplies and Shortages concluded,

Minerals embargoes deliberately directed at the United States are
only remotely conceivable. Embargoes directed against all import-
ing countries are out of the question. Attempts to create minerals
cartels may be made, but producers must reckon that the conditions
for success are not usually present and that the cost to them of
failure may be high.®

The conditions for success referred to by the commission are
five-fold. First, the number of exporting countries must be small
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in order to get agreement on prices and market share. Second,
demand in the long run must be inelastic; i.e., sharply higher
prices must not move consumers to buy less. Third, supply by
nonmembers must be inelastic; i.e., higher prices must not stim-
ulate additional production by nonmembers. Fourth, the bonds
among cartel members must be strong enough to prevent members
from cheating or withdrawing from the cartel.” This latter con-
sideration has contributed to the declining influence of OPEC in
recent years. Finally, there must be no major exporter outside the
cartel—as was the case when Australia refused to join the IBA.
These conditions are unlikely to be found in any major mineral
commodity market. Thus, those who talk of the threat to US
security from minerals cartels appear to be riding the emotional
waves of the OPEC upheaval.

Embargoes are another method of government-imposed trade
restrictions that are perceived as potentially affecting US mineral
supply availability. The notion that by exerting economic pressure,
one can compel foreign governments to change their policies has
always been a popular one, but successes have been few. A notable
example was the 1980 US embargo on grain sales to the USSR in
protest over Moscow’s invasion of Afghanistan. In the end Soviet
troops remained in Afghanistan while the United States lost a
sizable share of the grain market to its major competitors—Aus-
tralia, Canada, and Argentina. In minerals, the 1965 UN embargo
on chromium purchases from Rhodesia appeared to have little
effect on Rhodesia and a perverse effect on the United States,
which had been a major importer of Rhodesian chrome. According
to news accounts in 1971, even during the US sanctions Rhodesian
mines were running at full output, and the ore made its way to
markets in the developed West. France, Japan, Switzerland, and
probably others reportedly purchased Rhodesian chrome at dis-
count prices, disguising it as ore from South Africa and Moz-
ambique. The United States, meanwhile, had to pay premium
prices for Turkish and Soviet ore. Moreover, the Soviets were
suspected of reselling Rhodesian chrome as their own. Thus, US
dependence on Soviet supplies doubled between 1965 and 1970.%
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In sum, embargoes are largely unsuccessful because of (a)
a lack of unity by the world community against the targeted coun-
try; (b) cheating; (c) opportunities for middiemen to turn a profit;
and (d) the fungibility of minerals, metals, and other commodities.
A fifth factor—the rise of the multi-national corporation—has also
facilitated the circumvention of most embargoes. As noted earlier,
cheating was commonplace during the Rhodesian chrome em-
bargo. The important role filled by brokers in normal commodity
trade also facilitates the shipment of cinbargoed commodities to
illegal destinations. Brokers or middlemen simply fill buy and sell
orders from their customers at a standard service charge and gen-
erally have no legal or moral obligation to investigate either the
source or destination of the commaodities to be delivered: i.e., they
are “disinterested” third parties. Any country or firm intent on
making an illegal sale needs merely to arrange an indirect trans-
action through third parties who are not participants in the embargo
in question. East European countries are particularly anxious to
step in under such circumstances because of their need to generate
scarce hard currency earnings.

The minting of the American Eagle gold coirs provides an
elegant example of the complexity of the market place. To set the
stage, the Gold Bullion Act of 1985 required that the American
Eagle coins be minted entirely from *“US newly-mined gold.™ The
Comprehensive An.i-Apartheid Act bans the importation into the
United States of the South African gold Krugerrand coins. How-
ever, at least 44 percent of US gold mining capacity is foreign-
owned. Of this total, Canadian firms own 3! precent and a single
Canadian firm—Anglo American Corporation—owns 10 percent.
A US firm—Engelhard—mints more than 80 percent of the gold
blanks for the Eagle coin. Engelhard has refineries in London
where it is still legal to import South African bullion. In addition,
30 percent of Engelhard is owned by Minorco—a wholly-owned,
Bermuda-based subsidiary of Anglo American. The normal refin-
ery industry practice is to combine gold from all sources. It would
be prohibitively expensive for refiners to segregate their gold sup-
plies or to identify sources for each gold bar refined. Therefore,
itis highly probable that the so-called *all-US” Eagle coin contains
gold not only from South Africa but from the USSR as well—the
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world’s second largest exporter of gold bullion after South Africa.
Thus, Congress’ well-intentioned embargo, imposed for political
purposes, is being emasculated by the economics of the market
place. Indeed, it is unlikely that a fool-proof embargo could ever
be devised, at least in the area of strategic mineral commodities.
Even a more stringent US embargo—one that might include, for
example, bans on the purchase of South African chromium, man-
ganese, or platinum—would likely be doomed from the start. It
would likely have little impact on US supply availability or US
strategic mineral vulnerability because South Africa would con-
tinue to sell to countries not participating in the ban. This metal
would eventually find its way to the United States.

Other sources of supply. The strategic mineral vulnerability
of the United States during a peacetime supply cutoff from one
or more sources also would be mitigated on the supply side by
the market’s reaction to the higher prices that would result. The
adjustment process would proceed roughly in the following man-
ner. Initially, private inventories would be drawn down. These
inventories in many instances are considerable. While rational
companies attempt to minimize operating inventories because of
cost, they tend to err on the conservative side because a halt in
production generally means a halt in revenues and an inability to
recover even their fixed costs. If companies are able to anticipate
pending supply problems, higher-than-normal inventorics are car-
ried. For example, anticipated shortages of rhodium—used in cat-
alytic converters—stimulated world automotive companies to
stockpile this material. In general, private inventories could be
expected to carry most strategic metals users through shortage
situations lasting anywhere from 3 to 12 months.

Examination of the trend data of US stock levels for selected
minerals shows a high degree of variance (appendix A, table A-
10). At one end, stocks of platinum-group metals equivalent to
more than 15 months of annual consumption and for vanadium,
8 months. Chromium ore, cobalt, and manganese stocks range
from four to six months. For antimony, tungsten, and titanium
sponge, stock levels are only one month of consumption. Looking
at trend levels, the data show a very mixed picture. In some cases—
titanium sponge and manganese—1987 stock levels have dropped
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to roughly half of 1985 levels. In five instances, current stocks
have changed little since 1985, and in the case of platinum, the
stock level has more than doubled. The key point illustrated by
the data in the table is that stock levels reflect supply, demand,
cost, and price levels. i.e., the economics of the market for each
individual mineral. Indeed, based on these data, there appears to
be no reflection of increased concern by producers or consumers
about any increasing supply uncertainties because of geopolitical
factors—despite the increase in the political and economic insta-
bility in South Africa since approximately 1983.

The relative price trends for the big five strategic minerals—
chromium, cobalt, manganese, platinum, and vanadium—tend to
support this conclusion of unconcern. With the exception of plat-
inum, year-end 1986 price levels were well below levels in 1981-
82. The price-level spike for platinum shown in figure 7 is ex-
plained by the sizable entrance of speculators into the market.
Industry estimates of the speculative demand for platinum showed
a 300 percent rise worldwide during 1985-86, equivalent to 15
percent of estimated total Free World demand for 1986. Investor-
speculators were of course looking to “make a killing” in the
platinum market, based on fears of a loss of South African plat-
inum supplies. Many, however, probably were dismayed when
platinum prices—which peaked at roughly $600 per troy ounce—
began to fall to more normal levels in late 1986. This price cor-
rection refiected two factors: (a) a disruption in South African
platinum supplies failed to materialize and (b) plans were well
underway by South African platinum producers to expand pro-
duction at currently producing mines and to begin production at
entirely new platinum ore deposits.

The adjustment process under a supply shortfall would find
other producers beginning to expand operating capacity. Currently.
world excess mining capacity is near an all time high, the result
of overinvestment in the 1970s and recession and unusually slow
economic recovery in the 1980s. This condition is likely to persist
until the economies of Western Europe and the LDCs begin to
grow again at something approaching historical rates. Examination
of world production and capacity figures shows the magnitude of
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Figure 7. Key Metals: Relative Price Trends.

global overcapacity in the mining sector (appendix A, tables A-
11 through A-16). In manganese ore production, average world
operating capacity is only 70 percent. Excluding the USSR, the
rate is even less at 63 percent. Of greater significance is the fact
that Free World excess capacity for manganese is 2.5 times current
South African production. As a result, the complete loss of South
African production could be offset by stepping up production in
the other producing countries. In assessing vulnerability, one needs
to do this type of analysis on a mineral by mineral basis. At the
other extreme, however, total Free World excess production ca-
pacity in platinum group metals is only 15 percent of current South
African production. Thus, the loss of South African supplies could
be only partially offset by production elsewhere.

If a supply disruption were an extended one. new capacity
could also be brought on stream.

Again, one needs to proceed on a case by case basis to
determine by how much the new capacity could offset a potential
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loss of supplies. In the case of a “greenfield” deepshaft mining
operation, lead times of 7 to 10 years are not uncommon. Clearly,
such new capacity would be of little help in the case of a sudden
supply interruption. However, some mines such as surface mining
and placer operations could be brought on stream in two to five
years and could be of considerable value in expanding new supplies
of strategic minerals in the event of an extended disruption in
supplies, especially if warning indicators preceded the disruption.

Although the United States does not now mine chromium,
cobalt, manganese. or the platinum-group metals in any significant
quantities, it has done so in the past with the assistance of gov-
ernment subsidies under Title IV of the Defense Production Act.
Bureau of Mines estimates indicate US production potential for
these minerals (appendix A, table A-17). The estimates indicate
that the United States has the potential to produce anywhere from
7 to 60 percent of its needs from domestic resources, with the
best potential in cobalt and in the platinum-group metals, and that
(with the exception of manganese) initial production could be
brought on stream within two years. The US vulnerability to a
platinum or palladium disruption is being alleviated somewhat by
the start-up of production in 1987 at the Stillwater Mine Complex
in Montana. According to estimates by the producers, as long as
current platinum prices remain at or above $400 to $450 per troy
ounce, mining operations there will be able to produce at a profit
without government subsidies.

The potential for expansion outside the United States is con-
siderably brighter. Major nonproducing platinum deposits exist in
Canada, Zimbabwe, Brazil, Colombia, and Australia (appendix
A, table A-18). The largest untapped cobalt resources are found
in Canada and Uganda with less-rich resources existing in Peru
and New Guinea. For manganese, Australia, Gabon, Brazil, and
India could significantly expand output, given higher world prices.
Rich, untapped chromium resources are to be found in India, New
Caledonia, and the Philippines, while significant expansion of
existing production could take place in Brazil, Finland, Greece,
India, Madagascar, and Turkey. Reliable data on potential new
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production from these overseas sources are scarce, but some order-
of-magnitude estimates have been made by the Office of Tech-
nology Assessment. Well over 12 million pounds per year of cobalt
could be mined from 10 new sources, of which half could begin
production within three years. This amount would be equivalent
to about one-third of current global cobalt production. For man-
ganese, a new mine in Brazil alone will add 500,000 tons of
capacity within two to three years, with potential capacity of one
million tons under the right market conditions. This mine alone
could eventually offset the loss of 25 percent of South African
manganese production.

Among the greatest constraints facing Brazil and other LDCs
in developing such projects, however, is a lack of adequate in-
frastructure—storage, rail, shipping, and port capacity. The speed
with which LDC strategic mineral resources could be developed
would depend not only on the urgency to do so and on market
conditions but also on their ability to generate adequate investment
to develop these resources. Without resolution of the LDC debt
problem and a more conducive global investment climate, many
potential projects are unlikely to come to fruition. Unless the
developed West begins to take steps now—through joint devel-
opment and financing programs—few of these projects are likely
to be capable of offsetting potential supply disruptions in the near
or interim term.

Recycling. Western strategic mineral vulnerability could also
be reduced by increased recycling. One should think of scrap
material as an above-ground storehouse of strategic minerals, most
of which are now routinely discarded. Although recycling is cur-
rently an expensive process because of the small scale on which
it is now carried out, the potential exists to add significantly to
available world supplies. The 1978-79 cobalt crisis provides a good
example of what can be done in this area rather quickly, given the
need to do so. Stimulated by a ten-fold rise in the producer price
of cobalt as the result of a perceived shortage situation, alloy
producers, parts fabricators, and turbine manufacturers began to
segregate fabricated scrap by alloy type so that it could be remelted
and reused.'* The exact amount of savings provided by recycling
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during this period is not known but has been estimated at 10 to
25 percent of consumption.

The use of recycled material in the United States is relatively
low (appendix A, table A-19). Identification and sorting of scrap
is time consuming and expensive. Recycling of complex materials
such as superalloys is technically complex and requires detailed
knowledge of scrap constituents.' Nickel- and cobalt-based su-
peralloy scrap may contain as many as 10 separate alloying ele-
ments as well as troublesome contaminants that need to be removed
during processing. In stainless steel scrap, trace quantities of
phosphorous can adversely affect workability, formability, and
ductility. In tool steels, small amounts of titanium can be harmful.
In many cases expensive x-ray spectrometers must be used to
identify constituent elements in more complex materials. However,
recent advances in user-friendly computer sorting techniques and
the development of inexpensive mobile instruments have reduced
sorting and identification costs and allowed greater use of tech-
nicians and unskilled operators. Once identified, normal process-
ing techniques can generally be used to extract the desired
elements. The major obstacle to the commercialization of advanced
superalloy reclamation is still operating cost. While a small-scale
commercial facility designed to process 100 pounds of superalloy
scrap for contained cobalt is estimated to cost only $5 million,
annual operating costs of $1.3 million would be unprofitable at
current cobalt prices.

The potential for the recovery of chromium and platinum
from secondary scrap is enormous, but each of these metals faces
its own unique obstacles to greater recovery. It is estimated, for
example, that some 24,000 tons of chromium are lost each year
in recycling stainless steel scrap for carbon steelmaking. (Stainless
steel contains from 12 to 30 percent chromium depending on the
grade.) Another 38,000 tons is lost in unrecovered old stainless
steel scrap. Only about 30-40 percent of the stainless steel con-
tained in scrapped automobiles is recovered. Each automobile
contains nearly 5 pounds of chromium with the untapped potential
for recovery from this single source alone totaling some 5.000 to
6,000 tons per year. Another 17,400 tons of chromium is lost each
year in metallurgical wastes and 3,000 tons in chemical wastes.
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As long as ferrochromium remains cheap—Iless than 40 cents per
pound—and plentiful, this potential will remain unrealized. A
sustained disruption in foreign chromium supplies could raise
prices by several-fold, however, and stimulate the recycling in-
dustry to recover much of this lost material.

The largest untapped source of secondary platinum is found
in scrapped catalytic converters. Based on a 50 to 60 percent
recovery rate, catalytic converter recycling could add 400,000 to
500,000 troy ounces annually to PGM supplies by 1995, compared
with an expected new vehicle demand for 1.4 million troy ounces. 12
The industrial refining capacity is already in place—major PGM
refining facilities are operated by Johnson Matthey and Gemini
Industries—but institutional factors as well as the uncertainty over
future platinum prices are the major bottlenecks. Collection is the
primary problem. Many cars are simply abandoned; others are
simply baled or shredded; and some are exported. As a result 20
to 30 percent of all cars are never dismantled. Of those reaching
dismantling yards, many do not have their converters removed
because of low scrap converter prices. It is likely, however, that a
large number of scrap dealers are simply stockpiling converters
until prices rise and that a major disruption in overseas platinum
supplies would bring these converters into the recycling market.

For all strategic minerals, the surplus-market situation since
1979 has inhibited the development of the recycling industry. Under
a return to tight market conditions, appreciable increases in re-
cycling can be expected as collectors and processors respond to
increased prices. Moreover, such conditions would generate greatly
increased volume within the recycling industry. This would create
economies of scale, bringing recycling costs down sharply and
generating profits not now available. A number of opportunities
are available for the recovery of three important strategic minerals
as well as surmounting technical, economic, and institutional bar-
riers in the recycling industry (appendix A, table A-20).

How Demand Affects Vulnerability

Effect of high prices. The US vulnerability to supply disrup-
tions would also be mitigated by the effect of ensuing higher prices
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on consumption. The more serious the cutoff, the steeper the
subsequent price rise would be and the greater the decline in overall
demand. The impact of this economic conservation would depend
on the degree of demand-price elasticity for the mineral affected.
All of us are familiar with the impact of higher food prices on
our consumption patterns. When steak becomes too dear, we con-
sume less of it and eat more chicken and fish. The same holds
true for strategic minerals users except that there are far fewer
substitutes available with which to switch. Even within the stra-
tegic mineral class, however, the number of substitution alterna-
tives varies considerably. For manganese, which is price inelastic,
there are no acceptable alternatives in steelmaking. Thus. higher
manganese prices probably would have little effect on manganese
demand in the next three to five years. Over the longer term,
however, technical conservation factors would result in less man-
ganese use per ton of steel produced. Toward the other extreme
lie platinum and cobalt, which have relatively more substitution
possibilities. Thus, higher prices would have a greater dampening
effect on the overall demand for platinum and cobalt in many of
their applications.

Data on demand elasticities for the strategic minerals are
sparse and imprecise, but the 1978 disruption in the cobalt market
as a result of the invasion of Zaire’s cobalt mining region by
Katangancse guerrilla forces provides a useful paradigm. The re-
sulting rise in cobalt prices from $6.85 per pound to $47.50 per
pound on the spot market resulted by 1980 in a 19 percent drop
in cobalt consumption below what it would have been without the
price rise.'* According to a Charles Rivers study, cobalt use in
magnets fell by 50 percent in three years with four-fifths of the
decline due to higher prices and one-fifth due to a weaker US
economy. Although it is difficult to predict the effect of disruption-
caused price hikes on the demand for the other strategic minerals,
in most cases it would be considerable.

Among the most important adjustments during a supply dis-
ruption is the fact that available supplies of strategic minerals
would be allocated by the market to their highest valued end use.
Such a phenomenon would assure that strategic military demand
for these materials would by and large be met, with the shortfall
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taken out of non-essential uses. As a rule of thumb, peacetime
military demand accounts for only about 10 percent of total demand
(see figure 8). For example, a shortage of chromium would be
unlikely to greatly affect its use in superalloys or essential stainless
steel products. Thus, jet engine production or corrosion-resistant
tubing used in the petroleum refining and chemical industries
would suffer little. Instead, the use of stainless steel for kitchen
sinks and decorative trim on automobiles and household appliances
would decline. Whether essential nonmilitary uses might be im-
pinged would, of course, depend on the seriousness of the overall
supply shortfall and the capability of other sources to offset the
shortage.

Technical conservation. In the event of a sustained supply
interruption, industry also would take steps to use less of the
disrupted material per end-use item—referred to as technical con-
servation. Current usage patterns for strategic minerals optimize
technical performance while minimizing the cost of production.
A sharp and sustained rise in minerals prices would stimulate
industry to change production processes in the direction of a com-
promise between performance and increased cost. Because stra-
tegic minerals are cheap and abundant. they are in many cases
“overused.” Indeed, much material is lost or wasted in the fab-
rication process. A few examples serve to illustrate these points.
Of nearly 8.2 million pounds of cobalt used in making superalloys
in 1980, only 45 percent was contained in final parts; the remainder
was lost in the production process. In jet engine production fab-
rication, losses of 87 percent are common and 95 percent not
unheard of. The use of newly developed near net-shape processing
techniques—precision casting, advanced forging, and powder me-
tallurgy—will ultimately reduce these losses by a considerable
amount. Recent advances in casting technology alone could reduce
losses to as little as S to 10 percent. Pratt and Whitney has patented
a new isothermal forging process that could reduce the buy-to-fly
ratio from to 8:1 to 4:1 for high temperature superalloy jet engine
parts.'* Using new powder metallurgy techniques, gears and cam-
shafts—parts that normally require considerable machining—can
be manufactured to near net-shapes, thereby reducing the gener-
ation of scrap material. The combined use of powder metallurgy
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Figure 8. US Defense-Related Consumption
(1983-84 average)*

and isothermal forging has permitted the manufacture of jet engine
turbine blades from a new nickel-based alloy, reducing the need
for chromium and especially cobalt. As with any major new in-
dustrial production process, start-up costs are high. Thus, while
these technologies are now feasible, their rapid commercialization
will depend on economic and strategic incentives to put them into
place.

In the area of manganese usage where substitutes are virtually
non-existent, new steelmaking processes could significantly re-
duce the need for this material over the next decade. The amount
of manganese contained in a ton of steel depends on the steel type
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and ranges from 13 pounds per ton for ordinary carbon steel to
34 pounds per ton for stainless steel.!* The average for the industry
in the United States, given the product mix in 1982, was 13.8
pounds per ton. The production process, however, currently re-
quires inputs of more than 35 pounds of manganese per ton of
finished product. About 60 percent of this amount is lost in the
form of slag, dust, and waste. New steelmaking technologies are
expected eventually to result in a 12 percent reduction in the
average manganese content of steel—from 13.8 to 12.2 pounds
per ton—and a 42 percent reduction in consumption losses—from
21.8 to 12.6 pounds per ton. As a result of these trends, overall
manganese requirements per ton of steel produced are expected
to decline from 35.6 pounds to 24.8 by the year 2000—a 30
percent reduction. Given these trends, the Bureau of Mines fore-
casts an average annual growth rate in manganese consumption
of only 1.9 percent for the United States and 1.4 percent for total
world demand.'® Current world manganese reserves are expected
to be more than adequate to satisfy this demand."’

Substitution. Materials substitution provides another offset to
US import vulnerability. The degree to which it can mitigate supply
shortfalls, however, varies greatly by mineral and is affected by a
host of technical, economic, and strategic factors. Because of its
complexity, a few general considerations are in order. In the ideal,
a substitute should satisfy several conditions: cost effectiveness,
availability, performance, and compatibility.'®

Substitute materials that are not readily available in adequate
quantities or are not compatible with existing plant and equipment
without major modifications are never developed for obvious rea-
sons. In terms of technical performance, the substitute material
should be comparable to the material being replaced. The degree
of performance degradation that is acceptable, however, depends
on the criticality of its end use. For defense purposes, any loss in
performance may prove unacceptable whereas there is considerably
more technical leeway in consumer-type products. In essential
industries such as petroleum refining, chemicals, and nuclear
power, small performance losses may prove acceptablc if there are
advantages to be had in other areas, e.g., greater supply availa-
bility or reduced production costs. In commercial operations, a
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more-expensive substitute would not be introduced, ceteris par-
ibus. In contrast, the cost of materials is generally not critical in
military weapons systems because they constitute such a small
fraction of the final delivered cost of a weapons system. For ex-
ample, the total cost of cobalt contained in the F100 engine is
approximatly $8,700—about .03 percent of the cost of the engine
($250,000) and .00035 percent of the $25 million cost of the
complete F-15 aircraft. Were an acceptable substitute for cobalt
to be developed costing three times as much, it would increase
the cost of the engine by only 1 percent and the final cost of the
aircraft by only one-tenth of a percent.

Another type of substitution—functional substitution—can
do away with the need for a particular material entirely. For ex-
ample, with the development of cheaper aluminum gutters, copper
gutters became obsolete in all but the most expensive homes. A
return to the use of ceramic sinks and the wider adaption of
fiberglass and composites could eliminate much of the need for
chromium-containing stainless steel in non-essential uses. Tech-
nological innovation—driven by the desire to improve perform-
ance—is often at the root of such functional substitute
development. The development of the tantalum capacitor is one
such example, a significant improvement over previous types. This
particular development, however, created a new import depend-
ency. The United States now relies on foreign tantalum supplies
for 91 percent of its needs.

For the most part, the substitute development process is quite
lengthy. Lead times of 5 to 10 years are not uncommon—even in
nonstrategic applications. Among the many steps involved along
the way are innovation, research, gestation, laboratory production,
testing and evaluation, commercial-scale design and engineering,
costing, certification, and acceptance. Although few of these steps
can be omitted, the time necessary to carry them out can be
telescoped considerably under emergency conditions. The results,
however, may sometimes be less than optimum. During World War
II, for example, the United States substituted boron steels because
of a shortage of high-strength, chromium-nickel alloy steels but
at a cost of many fatigue-related failures.'
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Substitution embodying “on-the-shelf” technology can also
be carried out quickly, given sufficient economic or strategic im-
petus to do so. In such instances, the design, engineering, de-
velopment and test work has largely been carried out, but the
economics of the market militate against commercial introduction.
When these economics change, e.g., due to a sustained shortage
situation or a steep rise in the price of the material normally used,
the substitute material can quickly become commercialized. Such
was the case after the “‘cobalt panic” of 1978 pushed cobalt prices
to more than seven times their normal level. “Easy substitutions”
were first made in the magnet industry, and the price shock set
the long-range substitution gears into motion in the superalloy
industry. Other examples of easy substitution are found in dentistry
and in electrical circuits. In these areas, gold, silver, platinum,
and palladium are “near-perfect” substitutes for one another. The
predominance of their usage depends almost entirely on their rel-
ative price levels. In some instances, technical substitution pos-
sibilities are restricted by public acceptance. In jewelry, for
example, Americans prefer gold over platinum whereas in Japan
platinum jewelry is more popular.

Substitution potential. Data that quantify the potential savings
in strategic minerals usage provided by substitution possibilities
are limited. Nonetheless, immediately available substitutes could
replace one-third of the chromium now used, according to one
estimate. If fully realized, substitution could result in a one-time
savings of 160,000 short tons of chromium—equivalent to 60
percent of annual chromium imports from South Africa. As noted
before, there currently are no economic or strategic reasons for
industry to move in this direction. Chromium is inexpensive and
readily available and it would take an emergency situation—a
major supply disruption or wartime mobilization—to provide the
industry with sufficient incentives to make major changes in chro-
mium usage. The research and development groundwork is being
laid, however, for commercialization of certain chromium substi-
tutes in the event of a supply cutoff, a surge in demand, or higher
chromium prices.

Overall US cobalt consumption could be reduced by an es-
timated 40 percent, according to another estimate.' This would
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result in a savings of six million pounds of cobalt—equivalent to
about 70 percent of annual US cobalt imports from Zaire and
Zambia. The total savings would be comprised of a 70 percent
reduction in the use of cobalt in hardfacing applications through
the use of powder metallurgy techniques, an additional 50 percent
reduction in magnetic applications, and a 60 percent reduction in
chemical applications.

The potential for reducing manganese usage by using sub-
stitutes is negligible. For the platinum-group metals most quan-
titative studies have focused only on recycling potential. Similarly,
little data exist on the substitution potential for most other strategic
minerals. Such studies just have not focused on them because of
their relative economic unimportance or because the risk of supply
interruptions is lower than for the big four. Two exceptions are
columbium and tantalum. Columbium imports come primarily
from Brazil (73 percent of total US imports) and Canada (13
percent of US imports). In times of emergency, US consumption
of columbium could be reduced by an estimated 20 percent in the
initial phases of a supply disruption.?? Similarly, tantalum con-
sumption could be reduced by 20 percent under the same emer-
gency conditions.>* The savings would likely result from a 10 to
20 percent decline in cutting tool applications, a 25 percent re-
duction in capacitor applications, and a 30 percent reduction in
usage in various types of steels.

Specific substitutes. The common notion that strategic min-
erals have no adequate substitutes is largely a myth. Such sweeping
generalization perpetuates the fear of vulnerability. The lack of
substitutes holds true only in certain specific applications. (>ce
appendix A, table A-21 for substitution possibilities for five major
strategic minerals.) Even manganese, which has no adequate sub-
stitutes in steelmaking (which consumes more than 70 percent of
its usage), has some substitutes in its minor application (in chem-
icals and batteries). The public interest is not well served by such
distortions or misrepresentation of the facts. Nor is it served by
those with the polar opposite view that the United States is at no
risk despite its high degree of reliance on imports. Vulnerability
analysis must take all legitimate factors into account—including
those substitution possibilities that exist, no matter how small—
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if sound strategic minerals policies are to be formulated and
implemented.

Vulnerability Under Wartime Conditions

The discussion of US strategic minerals vulnerability up to
this point has been based on supply disruptions under peacetime
conditions. A wartime environment introduces a very different set
of considerations into contingency planning vis-a-vis strategic
minerals. Under this type of scenario, one would expect to ex-
perience not only significant supply disruptions but also a sharp
and steep surge in the production of military materiel and weapons
requiring considerably greater amounts of strategic minerals. The
record shows that the US capability ‘o wage war in the past has
in some cases been impinged on by a lack of adequate supplies
of strategic minerals—in large measure because of a national
stockpile that was insufficient (a) to offset supply-line interdictions
or (b) to bridge the gap between normal industrial output and the
time necessary to gear up for the sharply higher output needed to
support the war effort. Although the balance of power and the
ultimate outcome of past conflicts in which the United States has
engaged itself did not ultimately hinge on the inadequacy of stra-
tegic minerals availability, former President Eisenhower avowed
“lack of an adequate stockpile of strategic and critical materials
gravely impeded our military operations. We were therefore forced
into costly and disruptive expansion programs. The nation was
compelled to divert, at a most crucial time, scarce equipment and
machining and manpower to obtain the necessary materials.”
Others have argued that past US war efforts have been unneces-
sarily extended by critical materials shortages and that the losses
cf lives and property were larger than they need to have been.*

Past mobilizations. Mobilization efforts by the United States.
particularly during the first two World Wars and the Korean con-
flict, could be characterized as “erratic” and based on the “trial
and error” approach. According to one expert, “The United States
entered each conflict ill-prepared for the industrial production in-
creases that eventually would be demanded to meet military re-
quirements.”** The US industrial support effort during World War
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I has been characterized as “too little, too late.” Only 145 75mm
US.field artillery guns and 16 tanks were shipped overseas prior
to the armistice. Of more than 1,700 new steel ships ordered, only
107 were completed. American soldiers were largely equipped
with French and British weapons.?’

In contrast, World War II support efforts were monumental.
The US defense industries produced great numbers of aircraft,
tanks, battleships, destroyers, submarines, aircraft carriers,
trucks, and rifles and carbines.?® From 1944 to 1945 more than
40 percent of total US output went for war purposes.”

The figures, however, belie the fact that as a result of piece-
meal government planning and general disorganization, US in-
dustry required three to four years—after receiving serious
warning—to reach peak munitions production. With regard to
manpower, draft deferments had to be extended to domestic mining
industry employees to operate earthmoving equipment and to drive
ore-carrying trucks—skills that could have been used overseas to
build airstrips and access roads at the fighting fronts. Similarly,
the doinestic mining industry had to be given priority claim on
bulldozers, scrapers, trucks, shovels, rock drills, and other scarce
equipment.’ In addition, a large share of the merchant fleet had
to be diverted from the war effort to transport bulk imported ores
from Latin America, Africa, Australia, and the Indian sub-
continent.

The Korean war mobilization effort was generally more suc-
cessful because of the limited nature of the conflict and the passage
of the Defense Production Act of 1950 and because defense-owned
plants remaining from World War II were able to facilitate indus-
trial expansion. As a result. production of military supplies and
equipment reached seven times the pre-war effort, investment in
plant and equipment increased by more than 50 percent, and the
size of both the armed services and national materials stockpile
doubled. Moreover, new weapons systems were developed at an
incredible rate. For example, 7 new aircraft were in production
by 1953, and 16 more were under development.*' Lead times were
still a problem, however. More than two years after the conflict
began, over two-thirds of the aircraft, missiles, tanks, trucks, and
ammunition on order had yet to be delivered.
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Representative Items Procured by Armed Services During World War 11

Major Weapons Systems
10  battleships
27  aircraft carriers
110 escort carriers
45  cruisers
358  destroyers
504  destroyer escorts
211 submarines
310,000 aircraft
88,000 tanks
Weapons
41,000 guns and howitzers
750,000 rocket launchers and mortars
2,680,000 machine guns
12,500.000 rifles and carbines
Food Supplies
2,000,000 tons of potatoes (Army)
2,880,000 tons of flour (Army)
Ammunitions
29.000.000 heavy artillery shells
100,000  naval shells, 16 inch
645.000.000 rounds of light gun and howitzer shells
105,000,000 rocket and mortar shells
40,000.000,000 rounds of small arms ammunition
Transportation Equipment
46,706 motorized weapons carriages
806.073  trucks, 2'A ton
82,000 landing craft
7.500 railway locomotives
2.800 transportable road and highway bridges

Communications Equipment

900.000

radios (Army)
Clothing

270,000,000  pairs of trousers (Army and Navy)

Sonrce: Mermitt and Carter. Mobilization and the National Defense.

The lessons learned about surge production in earlier con-
flicts, however, seemed to have been forgotten during the Vietnam
conflict. Several factors were responsible. The government neither
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declared a national emergency nor used its mobilization authori-
ties. Regarding procurements, it operated on a business-as-usual
basis, letting contracts on a competitive bid basis in the belief that
the Vietnam conflict would be short-lived. Private industry re-
sponded accordingly. Industry reasoned that if the government did
not consider the situation urgent, neither should they, preferring
instead to fill commercial orders at higher profits and to maintain
good relations with valued customers. Moreover, as the war be-
came increasingly unpopular, US metals companies began to feel
uneasy from a public relations standpoint about supporting the
war effort by bidding on government contracts.*? In the ultimate,
the gains in industrial preparedness achieved during the previous
two wars were largely undone during and subsequent to Vietnam.
In 1976, for example, the Department of Defense Defense Science
Board reported on a US defense industrial base in a state of
deterioration.* The decline has accelerated since the 1976 report.
According to data reported by the US Ferroalloy Association, the
number of ferroalloy plants declined from 29 to only 17 by 1985,
employment decreased from 8,500 to less than 4,000, and the
number of ferroalloy products fell from nearly 2,400 to less than
1,200.%

Regarding shipping and supply line problems, the World War
I experience was at best unsettling, Attacks on Allied transport
ships by a relatively small number of primitive German submarines
ranged from nettlesome to serious, especially in the waters off the
Cape of Good Hope and in the Caribbean. According to the Pres-
ident’s Materials Policy Commission,

In the first 7 months of the last war, enemy action destroyed 22
percent of the fleet bringing aluminum ore to the United States, and
oil and gasoline tanker sinkings averaged 3.5 percent per month of
tonnage in use.®

Many believe that shipping losses in the next conventional
war could be several times more serious, and the data would seem
to support these arguments. Of 72 raw materials deemed vital to
American defense and industry, 69 are imported by sea.*® More
important, 95 percent of these imports arrive on foreign flag ves-
sels.’” These data take on an increased degree of seriousness for




et

PESNSEIN SN

56 Strategic Minerals

contingency planning because of the significant decline in the size
of the US merchant marine fleet (see figure 9). In 1950 US Gov-
emment and private merchant ships totaled 3,500 vessels with a
shipping capacity of 37.4 million tons. By 1985 the fleet had
declined to only 788 vessels with a total capacity of 23.8 million
tons. Moreover, of these 788 vessels, only 401 were listed as
active.*® In sharp contrast, the Soviet merchant ship fleet has mush-
roomed from only about 450 vessels to more than 2,500 vessels
with a shipping capacity of nearly 24 million tons—a 1,400 percent
increase since 1950.

If the United States had to rely on the US-flag fleet alone to
carry imported ores in time of crisis, it would be extremely hard
pressed to meet defense needs, much less civilian requirements.*
Assertions also have been made that the demand for open ocean
military escorts to protect merchant shipping will exceed the num-
ber of men-of-war available.® For its part, the USSR faces no
such constraints and, with the largest submarine fleet in the world,
could exact considerably greater US shipping losses than did the
German U-boats in the event of a US-USSR conventional war.
According to many within the US Government, these facts thus
argue for an even larger National Defense Stockpile than was
necessary during previous wars as an insurance policy against
sizable shipping losses that could be expected to occur in a future
conventional war.

Short war versus long war. In the post-Korean war period,
contingency planning—as it relates to the size of the stockpile and
mobilization of the defense industrial base—has hinged on a heated
debate between “short war” and “long war” proponents. Although
the debate has appeared in many versions, no one has expressed
the issue any better than Timothy D. Gill in his book. Industrial
Preparedness:

The short-war theory contends that any conventional war with
the Soviets will begin after little or no warning, be characterized
by extremely high consumption and attrition rates, and end quickly.
perhaps in weeks or months. The argument continues that if U.S.
forces lack large stockpiles of war reserve material on hand to fight
such a war, the Soviets would rapidly overcome them, thus forcing
the U. S. into a decision to capitulate or escalate to nuclear weapons.
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Figure 9. Merchant Ships.

If the fight is to last such a short time, limited funds would be better
spent on war reserve stockpiles to build a capability to counter and
thereby deter the attack, rather than on preparations for industrial
production. . . .

Those who believe that we should plan for a long war disagree
with the short-war philosophy, arguing that it will become self-
fulfilling [and could have an unfavorable outcome]. . . . Warfare
involves too many unknown factors to be so certain of the duration
of a conflict to dismiss the potential of the U.S. industrial base.
Those who assume the next war will be short miss the opportunity
to use one of the most important of U.S. assets. Furthermore, short-
war theorists discount the usefulness of warning time, allowing
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industry to surge production . . . The short-war theorists also fail
to account for the possibility of a conflict beginning in a region
other than in Europe . . . and slowly escalating, again permitting
production to surge. Finally, they ignore conflicts with adversaries
other than the Soviets that would require significant conventional
forces and time to successfully resolve. North Korea with a large
modern army and aggressive tendencies comes to mind as a plausible
candidate.*!

To summarize: (a) the US-USSR nuclear standoff argues for
long-war contingency planning in the form of a larger stockpile
and a greater surge-production capability within the defense in-
dustrial complex in order to support it, or (b) the next war will
be nuclear, over in short order, and there will not, therefore, be
enough lead time to mobilize industrial, defense-related capacity
or for that matter any necessity to do so, nor will there be a need
for large stockpiles of critical materials, the funds for which would
be better spent on nuclear weapons. Administration policies over
the years have set stockpile goals to support a conventional war
lasting as long as five years or as short as one year. Current
stockpile goals are designed to support a three-year war effort.
The Reagan administration planned for a long-war scenario, which
is reflected in National Security Decision Directive (NSDD) 47
on mobilization, calling for a US capability to

—expand the size of US military forces from partial through
full to total mobilization;

—deploy forces to theaters of operation, and sustain them in
protracted conflict, and

—provide military assistance to civil authority, consistent
with national defense priorities and applicable legal
guidelines.

In detail current defense planning is designed to carry out
the objectives of NSDD 47. The emphasis is on the need for
increased surge production capabilities in order to overcome ma-
terials and production bottlenecks that could be reasonably ex-
pected during a national emergency, as well as the need to
moderize the current National Defense Stockpile (see appendix
C). President Reagan’s stockpile modernization program—which
would greatly reduce inventories of strategic minerals—generated
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considerable controversy within Congress and private industry.
Opponents of the plan argued vehemently that sharply lower in-
ventory levels called for by the new stockpile plan are not consistent
with total force mobilization and are insufficient to bridge the gap
between the onset of a national emergency and the time it would
take to increase industrial capacity to a level sufficient to support
an extended conventional war. Furthermore, some of these op-
ponents suggest that the proposed stockpile cuts were made to
generate revenues for the General Treasury Fund in order to reduce
the budget deficit and were not, as the administration insists, the
result of sound, impartial analysis of national defense related
needs.*

Mobilizing the industrial base. The debate over stockpile
adequacy and the adequacy of the defense industrial base is not
likely to be resolved in the immediate future. Nonetheless, existing
legal authorities concerning industrial mobilization considerably
reduce US vulnerabilities for contingency planning under situa-
tions of a national emergency. Until recently, the Departments of
Interior and Commerce and FEMA (Federal Emergency Manage-
ment Agency) formed a triumvirate of agencies with considerable
capability to mitigate the effects of industrial demand surges and
supply cutoffs. As stated in the September 1988 Strategic and
Critical Materials Report to the Congress,

On 25 February 1988 the President designated the Secretary of
Defense to be the National Defense Stockpile Manager. Previously,
management and operations for the National Defense Stockpile . . .
had been divided between the Federal Emergency Management
Agency(FEMA) and the General Services Administration (GSA).
Under Executive Order 12626, the President delegated to the Sec-
retary of Defense all of his functions . . . except those provided in
Section 7 (research and development activities), and Section 13
(imports of materials from designated sources). The President re-
tains Sections 7 and 13; Section 8 was delegated to the Secretaries
of the Interior and Agriculture. . . .

The functions of the National Defense Stockpile Manager have
been delegated to the Assistant Secretary of Defense (Production
and Logistics) under the supervision of the Under Secretary for
Acquisition. Certain operational activities relating to the National
Defense Stockpile under Section 6. . . . have been further delegated
to the Director, Defense Logistics Agency (DLA).
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The Bureau of Mines and other agencies cooperate with DOD. A
typical emergency situation would set into motion these contin-
gency actions:

—Monitor and restrict exports that would drain scarce ma-
terials from the domestic economy.

—Under priority authority, fill rated (military) orders first; if
necessary, allocate supplies among other claimants.

—Release stockpile materials on order of the President for
purposes of national defense or in time of war declared by
Congress.

—Initiate domestic and foreign supply expansion programs
under Title I of the Defense Production Act.

The programs of the Defense Production Act were quite ef-
fective during the Korean war and the years following it—resulting
in the initiation of US nickel mining and the creation of the US
titanium industry and greatly increasing US production of alu-
minum, copper, and tungsten. In at least two instances—zirconium
and helium—Bureau of Mines experts themselves initiated pro-
duction to support the war effort because there was no US industry.
In addition to direct production loans or loan guarantees under
DPA, Congress has in the past, under special authorities, provided
industry with more rapid depreciation benefits in order to stimulate
private industry expansion. In other cases. where markets are not
assured, Title III of the DPA provides authority for long-term
government purchases.

The degree that the Defense Production Act can reduce US
strategic mineral vulnerability depends in large measure on the
amount of lead time available and the ability of military planners
to identify their future needs well in advance of any emergen.y
situation. As noted earlier, past failures in this area resulted 1n
large military procurement orders going unfilled until the need for
them had been overtaken by events. In the future, as military
material needs involve more sophisticated high-tech materials such
as gallium, germanium, and optical fibers, defense planning will
become even more difficult. The traditional method of calculating
defense needs as dollar percentages of civilian requirements using
peacetime macro-economic models will no longer suffice. Rather
than using the current disaggregation method, it is essential that
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military needs for these items be calculated on a unit basis, i.e.,
quantity per plane, missile, ship, tank, etc., and then aggregated
if stockpile goals are to be accurately calculated.*

Vulnerability Analysis: Four Strategic Minerals

An accurate assessment of US vulnerability as a result of the
overall high degree of reliance on imported strategic minerals
cannot be accomplished based solely on generic arguments. One
needs instead to look at the specific numbers for consumption,
imports, stocks, foreign capacity, recycling, substitution, etc. Just
as important, vulnerability analysis needs more specificity, i.c.,
vulnerability under what circumstances and situations. Thus, this
next section attempts to put into concrete terms the general con-
siderations discussed earlier in this chapter and in chapter 1 by
looking at several specific strategic minerals on a case by case
basis. The minerals analyzed here were selected because of their
importance to the civilian and defense sectors of the US economy
and because the risk of supply interruptions is relatively high.
This is not to say that other minerals may not be equally critical
to defense needs, but their uses are considerably more limited
within the economy and their supply losses generally would have
a lesser impact.

The following analyses assume that southern African supplies
of these selected minerals are interrupted and that Zaire, Zambia,
and Zimbabwe would have a great deal of difficulty exporting
cobalt and chromium since they rely so heavily on South Africa’s
transportation network. Throughout the analyses, significant
weight is given to the ability of market forces to adjust to these
disruptions, as they did subsequent to the 1978 cobalt crisis in
Zaire.

Manganese. A complete cutotf of South African manganese
ore supplies would leave the Free World initially short by 1.34
million tons per year, and the United States short by only about
50 thousand tons. Gabon and Brazil are the other major US sup-
pliers. The US producer and consumer stocks of nearly 600,000
tons could easily offset the loss of South African imports until
other suppliers expanded their production. Within six months or
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less, excess Free World capacity totaling 1.4 million tons could
be brought on stream, completely compensating for a permanent
loss of South African production.

A cutoff in South African ferromanganese supplies would
leave the world short by about 430,000 tons or 7 percent of total
world output. The initial US shortfall would be about 150,000
tons or 37 percent of imports. Producer and consumer stocks would
be sufficient to offset two-thirds of this loss or to maintain supplies
for at least eight months. In addition, there is considerable world
excess capacity available—over 30 countries produce manganese
ferroalloys. According to 1984 data, the worldwide manganese
ferroalloy industry was operating at only about 70 percent of ca-
pacity with world excess capacity of nearly 2.9 mitlion tons, equal
to nearly six times current South African production. Much of
this capacity could be brought on stream rapidly if market con-
ditions warranted such action.

An analysis of ferroalloy demand and supply under wartime
mobilization conditions was completed in 1986 under a Department
of Defense contract.** Even under some drastic assumptions about
supply disruptions, the study concluded that there is sufficient
worldwide manganese ore and ferromanganese processing capacity
to meet military and essential civilian needs. For example, cal-
culations show that the total US demand for steel in the event of
a conventional war would annually reach 135 million tons, about
equal to current US installed capacity. At this level, the demand
for ferromanganese would be 844,000 tons. Even under the rig-
orous assumption that US ferroalloy capacity disappeared, and
that all African and European supplies were totally disrupted, the
United States would be able to meet its ferromanganese needs
from other suppliers. In the event of supply line losses, which
were not quantified, the study concluded that there was sufficient
material in the national stockpile to meet any emergency. The
government stockpile currently contains 2.24 million tons of me-
tallurgical grade ore and 671,000 tons of high-carbon ferroman-
ganese—equivalent to about one year’s US consumption. During
the next six years, under the stockpile upgrading program, an
additional 472,000 tons of high-carbon ferromanganese will be
added to the inventory.
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Cobalt. South African cobalt production is insignificant com-
pared to that of Zaire and Zambia, which produce roughly 80
percent of Free World supplies. An assessment of US cobalt vul-
nerability is complicated by transportation factors. As noted ear-
lier, Zaire and Zambia rely heavily on South African rail and port
facilities to export cobalt, but the percentage of exports reaching
the West by this route is not known with much precision. Moreover,
it is not known precisely what percentage of these exports could
be diverted through export points in Tanzania and the Congo under
emergency conditions. Third, significant amounts of cobalt could
be air-freighted out of Zaire at an estimated cost of only $1 per
pound.** Assuming that 40 percent of cobalt exports from Zaire
and Zambia currently reach the West via non-South African routes
and that half of the remaining 60 percent could be re-routed under
extraordinary measures, the West would find itself short by about
4,100 tons annually. The United States, which is 60 percent de-
pendent on supplies from Zaire and Zambia, imported an average
of 4,600 tons of cobalt from these two countries during 1982-85
and under the above scenario potentially would face an annual
prorated shortfall of 1,400 tons. However, private stocks in Bel-
gium and in the United States could compensate for the loss of
supplies from Zaire and Zambia for several years. Zaire currently
maintains, at a minimum, a six-month supply of cobalt in war-
ehouses in Belgium and reportedly plans to increase this amount
to at least a one-year supply in order to firmly establish itself as
a reliable supplier to the West. The US industry stocks, which
stand at about 6,000 tons, would be sufficient to offset the above-
calculated shortfall for four years, and the government stockpile
of more than 26,000 tons contains the equivalent of more than 3
years annual US consumption or 5.5 years of average annual US
imports from Zaire and Zambia. A major interruption in southern
African cobalt supplies would, of course, create a panic mentality
in the market and prices would zoom upward, eliciting new pro-
duction by other producers. Excess capacity in Canada, the Phil-
ippincs, Australia, and Finland—equal to 25 percent of current
world output—would soon be brought on stream.*

If the supply interruption continued beyond one year, the
development of new deposits would begin to take place. According
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to OTA estimates, well over 6,000 tons of cobalt per year could
be mined from 10 new sources, half of which could be operational
within three years.4” The largest untapped resources are in Peru
and New Guinea. Canada and Uganda have even larger untapped
resources that would take longer to develop. Another cobalt crisis,
such as the one postulated, would also stimulate a second round
of conservation and substitution such as occurred in response to
the perceived shortage of 1978-79. The United States could easily
conserve about 20 percent of current needs and perhaps as much
as 50 percent in three to four years according to one MIT estimate.
With only half of potential new Free World capacity coming on
stream and reductions in US demand due to price and conservation
factors, the United States would be able to satisfy all of its cobalt
needs, even with the permanent loss of production from Zaire and
Zambia. If prices reached $25 a pound and remained there—about
3.5 times the current producer price set by Zaire— the United
States could produce nearly 5,000 pounds of cobalt annually from
resources located at the Blackbird Mine in Idaho, the Madison
Mine in Missouri, and Gasquet Mountain, California.*®
Chromium. A cutoff of South African chromium supplies
plus the loss of an estimated 60 percent of chromium supplies
from neighboring Zimbabwe would leave the West potentially short
by about 1.1 million tons or about 50 percent of normally available
Free World supplies.*® Such a supply shock initially would create
serious shortages especially if it came totally without warning.
More likely, the cutoff would not be 100 percent immediately;
significant quantities would be available in the shipping pipeline,
and industry would have built up inventories—probably signifi-
cantly—in anticipation of the disruption. Although supply bottle-
necks would soon occur and prices would rise sharply, market
adjustments would begin immediately to ameliorate the supply
shortfall. Excess Free World capacity totaling 500,000 tons—
equivalent to half the size of the disruption—would increase world
supplies within a matter of months. A potential US shortfall of
about 300,000 tons would be cut at least in half by producer and
consumer inventories and by another 80 to 100 thousand tons, the
prorated US market share of global new capacity brought on
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stream. The hypothetical US shortage of about 50,000 tons or 10
percent of normal consumption in the first year would have to be
absorbed by a decline in consumption in non-essential uses as a
result of higher prices. Defense-related consumption of about
50,000 tons would not be affected as this sector would simply
outbid other users for available supplies.

In the event of a permanent cutoff lasting beyond 12 months,
other market adjustments would mitigate the shortfall. Recycling
and substitution could add the equivalent of about 50,000 tons to
available US supplies. Over the long run, new capacity totaling
some 800,000 tons could be added by new mine development in
India, New Caledonia, and the Philippines and the expansion of
existing mines in Brazil, Finland, Greece, India, Madagascar, and
Turkey. These adjustment processes could result in reduced US
demand of about 250,000 tons while the United States would have
at its disposal non-African Free World supplies totaling some
300,000 tons. In the event that some of these demand and supply
changes failed to materialize, the United States, in an emergency,
would be able to draw on government stockpiles. The current
chromium inventory is equal to more than two years of US con-
sumption at current rates, three years at the reduced demand levels
projected here, and more than a four-year equivalence of South
African imports. In the ultimate, the United States could, ac-
cording to Bureau of Mines estimates, produce 235,000 tons an-
nually from domestic resources at double current price levels from
deposits in Montana, California and Oregon.

Results of the DOD contract study on US ferrochromium
processing capacity under mobilization conditions indicate that in
the worst case—the absence of any US processing capacity and
a simultaneous loss of capacity in South Africa, Zimbabwe, and
Western Europe, there would be severe shortages of this metal.
Under these extreme conditions, the United States would find itself
short by 1.4 million tons of ferrochromium which could not be
procured from abroad.*® Current ferrochromium inventories in the
stockpile could satisfy industry requirements for about 15 months.
Chrome ore in the stockpile could meet US need: for an additional
15 months if it could be processed, but it would take 15 to 18
months or longer to build entirely new ferroalloy plants. Under the
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stockpile upgrading program, the United States plans to add about
50,000 tons per year of ferrochromium to the inventory over the
next six years by converting existing stockpiled chrome ore.s!

The pessimistic stringencies imposed under this worst case
scenario flow from declines in the US ferroalloy industry. Between
1978 and 1985 domestic ferroalloy shipments fell from 1.6 million
tons to 700,000 tons and employment declined by 50 percent.
Similarly, processing capacity declined by over 40 percent. For
ferrochromium, domestic shipments declined from 275,000 tons
in 1978-79 to only 38,000 tons in 1984, and imports have taken
over 90 percent of the US market. Nevertheless, barring further
declines, US ferroalloy capacity stands at 1.2 million tons, and
about 600,000 tons of standby capacity exists.

While the gloomy picture painted by the DOD contract study
was probably intended to raise warning flags for DOD planners
and the Congress, relying on worst case assumptions that are
unrealistic and highly improbable does a disservice to the public
interest and to the industry itself. The US ferroalloy industry is
not likely to disappear completely, nor is the European industry.
Indeed, US industry is undergoing a retrer.chment designed to
make it more competitive in the future. Although these are legit-
imate concerns within the industry, specia! interest group legis-
lation likely to arise from such skewed analysis would tend to
perpetuate the public perception that the US mining and metals
processing industry seeks an undue share of the taxpayer’s dollar.
The only way to change this perception is through public debate
and sound analysis and to show that a strong domestic industrial
capacity is in the public’s best interest from both a strategic and
economic standpoint.

Platinum-group metals. A cutoff of South African platinum-
group metals would reduce Free World supply availability by 60
percent or 3.6 million troy ounces. This total is comprised of 2.2
million ounces of platinum, 900,000 ounces of palladium and
about 110,000 ounces of rhodium—based on 1986 Bureau of
Mines data. For the United States, this would mean the loss of
nearly 1.2 million ounces of platinum, 530,000 ounces of pallad-
ium, and nearly 100,000 ounces of rhodium. A total US shortfall
from South Africa of 1.& million troy ounces would equal more
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than 60 percent of US consumption in 1986. Excess Free World
capacity of 340,000 ounces could offset only 10 percent of the
total South African disruption while excess Soviet capacity, mostly
in palladium, could offset another 300,000 ounces if it were made
available to the West. In the event of a short-term disruption, US
industry inventories of one million ounces would suffice for about
only four months. An additional 500,000 to 600,000 ounces of
platinum in dealer inventories in New York and London could
provide the United States with an additional three-month cushion.
In sum, assuming additional stock build-ups in anticipation of a
South African cutoff, inventories and excess capacity likely would
be able to weather a cutoff lasting something less than 12 months.
Beyond that time period, potentially serious shortages could de-
velop and a number of extraordinary adjustment factors would
have to come into play.

As prices began to rise based on fears of shortages and the
inevitable hoarding that would take place, significant substitution
in the jewelry, dentistry, and electronics industries would take
place. Demand for new platinum jewelry—currently taking about
30 percent of Free World supplies annually—would fall off sharply
and old jewelry, which can be thought of as an above-ground mine
of platinum, would begin to be melied down when the value of
its contained platinum reached a high-enough level.>? Electronics
users would begin to substitute gold for platinum, and gold and
silver would substitute in dental uses. Recycling of electronic scrap
could provide 100,000 ounces of platinum per year and recycled
catalytic converters as much as 500,000 ounces per year within
five to seven years.’* At some high price. platinum investors.
speculators, and hoarders would begin disinvesting or dishoarding
in order to take their profits, freeing at a minimum scme 400,000
ounces. Domestically. production in the United States—which
began on a limited scale in 1987 at the Stillwater, Montana, com-
plex—is expected to double by 1990 and could provide an addi-
tional 150,000 ounces of palladium and 50,000 ounces of platinum
annually.

Despite these developments, the United States would likely
find itself short of platinum by several hundred thousand ounces
under conditions of long-term cutoff in South African supplies.
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Military needs—accounting for only about 6 percent of current
consumption—likely would not be affected. Indeed, platinum and
palladium needed for aircraft, missiles, satellites, electronics, and
sensors (see figure 10) would continue to be available as defense
contractors simply outbid other claimants on short supplies.

The greatest impact would occur in the US auto industry,
which currently accounts for nearly 50 percent of annual con-
sumption. The standard three-way catalytic converter requires .05
ounces of platinum, .02 ounces of palladium, and .005 ounces of
rhodium. Assuming no technological change in these rigid ratios,
a platinum deficit of 175,000 ounces, for example, would reduce
the number of converters that could be built by some 3.5 million
units—about one-third the number turned out in 1986, the auto
industry’s record production year. Similarly, each 10,000-ounce
shortfall in rhodium availability could theoretically cut converter
production by two million units. The auto industry even now is
concerned about the adequacy of rhodium supplies in the absence
of supply disruptions (for example, see the Ford Motor Company
article, page 108). In 1986, the United States imported 98,000
ounces of rhodium from South Africa, 38,000 ounces from the
United Kingdom, and 25,000 ounces from the Soviet Union. The
total from the three countries was probably triple actual needs for
converter production, the surplus demand being used to build
inventories. In the case of an acute platinum or rhodium shortage
that prevented the full production of catalytic converters by the
auto industry, several options would exist:

—temporary suspension of current auto emissions standards:
cars produced during the suspension period could then be
retrofitted with converters once supplies became available.

—installation of programmed fuel metering systems for lea-
ner engine performance; this would still allow average new
car emissions to approximate 1979 levels.

—development of an alternate catalytic system using. for
example, zirconium nitride; converters using this catalyst
might last only 10,000 miles however.

—use of alternative engine technologies such as the lean-
burn egine, which has very low emissions levels. Japan
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and Western Europe are pursuing this technology
aggressively.

—Ilower emissions standards; this would permit the substi-
tution of more palladium for platinum in the typical con-
verter, as is done in Japan.

None of these is a great option. In fact, pressure from en-
vironmentalists and the Environmental Protection Agency for con-
siderably stricter emissions standards could very well obviate the
use of all but two options unless the President or Congress stepped
in to order a temporary suspension of current emissions standards
under emergency authority. This could well happen because of the
impact on the economy that a sharp reduction in automobile pro-
duction would have. Absent such emergency measures, research
on alternate emissions technologies would have to be stepped up
considerably, putting to the test the innovative capability of US
automotive research engineers. Talks with auto industry executives
indicate that they are in the process of trying to come up with
new designs that do not depend so heavily on PGMs, but they are
not optimistic about achieving a breakthrough any time soon.

Pseudo-Strategic Minerals

The term pseudo-strategic is not found in any of the literature
on strategic minerals. The term pseudo-strategic minerals as used
here underscores the difference between legitimate vulnerabilities
based on foreign import dependence and those cases where the
risks of import dependence are small and manageable. In this
exercise, four ““so-called” strategic minerals were selected for anal-
ysis: antimony and industrial diamonds (found on the “List of Ten™
referred to in chapter 1) and tantalum and tungsten, which show
up periodically on lists of strategic minerals compiled by govern-
ment analysts or by academicians. All four minerals are also
contained in the inventories of the National Defense Stockpile.
(See appendix A, table A-22 for summary statistics on the four.)
If one were to examine the periodic table of the elements, the
majority of them could be classified for an important military
application, and the majority are not produced in significant quan-
tities within the United States. In other words, if these were the
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only two important criteria, the list of strategic and critical ma-
terials would extend the length of one’s arm and present for policy-
makers contingency planning considerations of unmanageable pro-
portions. Moreover, such a list would vastly overstate the degree
of strategic vulnerability facing the United States. The following
provides thumbnail sketches of the four materials, pinpointing the
data that strongly suggest that these materials should not be con-
sidered worrisome for the United States:

Antimony. The strategic uses of antimony are minimal—for
hardening small arms ordnance, for military vehicle batteries, and
as flame retardants—probably totaling less than 7 to 8 percent of
total annual consumption. Import reliance on South Africa is less
than 14 percent, with China, Bolivia, and Mexico alone providing
nearly 2.5 times the amount that comes from South Africa. More
important, the stockpile contains the equivalent of 1.5 years of
US annual imports, some of which is excess to the stockpile goal
and is being sold off. Multiple accepted substitutes exist. In fact,
with the development of a lead-tin-calcium alloy for battery ap-
plications, the poor prospects for electric vehicles, and the de-
velopment of organic compounds for use as flame retardants, the
primary problem facing the antimony industry is to develop new
markets for this decreasingly important metal.

Industrial diamonds. The primary “strategic” use for natural
stones is for hard-rock drilling. The natural stone market is under
intense pressure from synthetics—prices of natural stones have
fallen by more than 50 percent since 1982. Polycrystalline syn-
thetics can now substitute for natural stones in most major appli-
cations. Australia, Botswana, and Zaire produce more than 80
percent of all natural industrial stones—which could be delivered
by air freight in any emergency. The stockpile contains four years’
worth of imports, and excesses are being sold. The United States,
in fact, is a net exporter of industrial diamonds.

Tantalum. While the United States has negligible resources
and depends on imports for about 90 percent of consumption,
nearly 60 percent of US imports originate from supplying countries
that are considered to be reliable—Thailand, Brazil, Australia,
and Malaysia. Although strategic uses of tantalum are numerous,
in electronics applications tantalum is being replaced rapidly by
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ceramics and aluminum-based materials. The most critical stra-
tegic uses are in superalloys, but the stockpile contains more than
a three-year supply of US annual imports.

Tungsten. The world market is awash in tungsten with prices
near a 20-year low. Although half of total usage is considered
essential and nonsubstitutable, the stockpile contains nearly 17
years of US annual imports. Moreover, more than 10 Free World
producers supply the market, and China is flooding the market
with cheap tungsten. The use of coatings made from aluminum
oxide and titanium carbide has extended the useful life of tungsten
cutting tools, while cutting tools made from ceramics, polycrys-
talline diamonds, and titanium are also making inroads into this
market. Although tungsten in superalloys is increasing, total usage
is small and is replacing, in some cases, strategic metals that are
less abundant. For some armor-piercing penetrators, tungsten is
being replaced by depleted-uranium-based projectiles. As long as
tungsten remains abundant and cheap, there will be little incentive
to pursue additional substitution possibilities on a major scale or
to explore for tungsten within the United States. Thus, import
reliance will remain high.

Similar analyses could be perforrmed on many other pseudo-
strategic materials that would yield like conclusions. Summarizing
the key points that often fail to be taken into account

—world resources outside of southern Africa are abundant:

—strategic-military usage, although often critical. is a small
proportion of total US needs;

—imports are high and substitution research and domestic
exploration are low because cheap world supplies are
available;

—innovation in new products and technology processes are
rarely factored into conventional analysis: and

—the National Defense Stockpile. in most cases. provides
more than an adequate cushion against conceivable supply
emergencies.

Unless these points are given adequate weight, the result is
likely to be a skewing of recommendations—especially by alann-
ists—toward inefficient policies that exaggerate the degree of US
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vulnerability and frustrate rather than serve the public interest.
Moreover, as the revelations of the Vietnam war so graphically
demonstrated, once the public loses faith in the integrity of those
in positions of public trust, the backlash of public opinion can do
irreparable damage to the ability of policy-makers to deal with
legitimate security threats against the United States.

A New Breed of Strategic Materials

The rapid pace of technological change in the West is creating
anew breed of strategic materials. Although the need for traditional
metallic minerals will never be completely eliminated, their rel-
ative importance is expected to decline with the advent of advanced
ceramics. composites and micro-electronics necessary for the de-
ployment of lasers, bubblc memories, and more sophisticated
weapons systems. Other materials will become strategic spin-offs
of commercially derived products. With these changes. the role
of the LDCs as suppliers will diminish in favor of Japan, Western
Europe, and the Newly Industrialized Countries (NICs)—reshap-
ing in the process the concept of foreign import reliance. In some
cases, the concept of strategic materials may have to be broadened
to include patented processes and technologies and the notion of
a National Defense Stockpile perhaps altered to include the in-
ventory of scientific data.

Along these lines, the Reagan administration allocated $30
million in FY 1987 for the acquisition of 30 metric tons of ger-
manium—a by-product of zinc processing—and $24 million each
for FY 1988, FY 1989, and FY 1990. Important new uses for
germanium include high-data-rate optical communications sys-
tems, lasers, night-vision systems, and weapons guidance. Nascent
studies are now underway to determine the criticality of other
advanced materials and the possible need to begin stockpiling
them. Other materials such as rhenium, gallium, and the rare
earths could well emerge as additional stockpile candidates.* Al-
though the United States has the world’s largest rthenium reserves,
the small size of the industry, declining industrial demand, and
the high cost of its recovery—it is a by-product of a by-product—
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make future domestic production uncertain. Its major strategic use
is in jet engine superalloys. Gallium’s major application is in
bubble memories for computers and in gallium-arsenide-based in-
tegrated circuits. Gallium-arsenide-based circuits provide an order
of magnitude improvement in circuit speed and are used almost
entirely in military applications at the present time. Although the
material is abundant, it is found almost entirely in spent tailings
from the aluminum production process. Most production capacity
is currently located in only a few plants in Western Europe, Japan,
Czechoslovakia, and Hungary. A single US plant began production
in early 1986. Much will depend on whether gallium-arsenide
chips become the commercial standard and on who takes the lead
in their development. A situation could develop wherein Japan
becomes the world’s dominant producer of such chips, with the
United States relying on Japan to supply its military needs for
such chips. The rare earths will be crucial to the development of
the SDI system. Additional studies will be required to determine
the sources and adequacy of supplies. Depending on the results
of these studies, the rare earths could well be candidates for stock-
pile acquisition.

How Others Have Assessed Vulnerability

As seen in the four case studies, US vulnerabilities to supply
cutoffs are actually quite limited in nature, with the major potential
impacts likely to occur in chromium ferroalloys and the platinum-
group metals. In no instances, based on the above analyses and
realistic assumptions, would military needs be threatened. These
conclusions are generally consistent with a study performed by
the Interior Department. Although the methodology differs some-
what, the general consensus of the study is that US strategic
minerals dependence—at least in a peacetime environment—is not
a serious problem. The Department of Interior study, prepared at
the request of Congress, concluded that

for chromium, the President’s modernized National Defense Stock-
pile (NDS), if fully utilized, could meet any shortfall originating
from a three-year disruption in supplies from Zimbabwe and South
Africa . . . that a manganese supply disruption from South Africa

could be mitigated for nearly two years by domestic private stock
drawdowns alone . . . that US producer, consumer, and dealer cobalt
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stocks could mitigate a supply disruption from southern Africa for
10 months while the proposed new National Defense Stockpile could
do the same for an additional 20 months . . . and that a disruption
of South African vanadium supplies would have minimal domestic
impact because of a 21-month supply of private stocks.*

Although some private studies, many press articles, and even
congressional testimony often cite specific military or civilian
vulnerabilities, these vulnerabilities, as previously indicated, are
often based on unrealistic assumptions or scenarios. It is true that
if sufficient amounts of chromium could not be obtained, the US
stainless steel and superalloy industries would indeed be crippled,
seriously impinging on the production of missiles, ships, sub-
marines, and fighter jets, as well as the chemical, electric power,
and transportation industries. Similarly, if sufficient quantities of
manganese and vanadium could not be obtained, steel production
would decline; if cobalt were unavailable, the F100 engine, used
in the F-15 and F-16, could not be built; if sufficient supplies of
platinum could not be obtained, major technological changes
would have to be made, at great cost, to the way gasoline is refined
from petroleum, the way that auto emissions standards are met,
the way certain fertilizers are produced, and the way that glass
fibers for building materials and optical fibers for telecommuni-
cations systems are produced. But legitimate worst-case scenarios
would not leave the United States and its allies in dire straits.

This is not to say, however, that there should not be construc-
tive concern on the part of policy-makers and private industry
about the situation. It is just such concerns, dating back to World
War [, that have produced the myriad of laws, acts, and initiatives
capable of dealing with the problem of vulnerability—uncovering,
through greater awareness and research, the enormous potential
of other offsetting factors (see appendix A, table A-22). Short-
sighted policies, however, could easily undo the work of past
administrations—for example, by letting the Defense Production
Act lapse or reducing the size of the government stockpile below
necessary levels. Similarly, sharp cuts in R&D funding, as a result
of budget pressures, could reduce the ability of private industry
to develop substitutes. Highly restrictive environmental laws could
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hamstring private development initiatives to mine strategic min-
erals from public lands or near national parks. Lack of planning
by defense officials could result in serious new dependencies for
foreign sources of high-tech materials with strategic uses. These
issues, which are addressed in the succeeding chapters, demand
that a coherent and consistent strategic minerals policy be devel-
oped, implemented, and maintained if the vulnerability risks of
import dependence are to remain both low and manageable.
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Strategic Minerals Policy
and Public Good

ATTEMPTS TO DEFINE THE “PUBLIC GOOD” HAVE A LONG HISTORY,
ranging at least as far back as the Federalist papers of Alexander
Hamilton. The theoretical debate has continued since then among
philosophers, political scientists, and students of public admin-
istration. As a practical matter, however, a discussion of strategic
minerals policy must take into account not only national defense
considerations but economic and environmental issues as well.'
Because the formulation of a strategic minerals policy has the
potential to affect so many other areas with a diversity of con-
cerns—especially in the economic arena—any proposed policy is
certain to be controversial. To be successful, any such policy most
certainly has to balance these diverse concerns. Thus, this bal-
ancing act of vested interests requires the establishment of prior-
ities. Usually when determinations of public policy are made, there
are interests that are satisfied and those that are dissatisfied; often
no one is completely satisfied. In any circumstance, a policy must
be justified not only to those specific interests that are affected
but to the public at large. Not the least of a policy-maker’s con-
cemns, a proposed policy must be accepted by the legislative
branch. The justification of a policy to the public at large and to
the legislature in particular requires that the proposed policy be
shown to benefit the entire public and not only a part of it.
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Indeed, any public action assumes that there is a public in-
terest and that a policy must provide for the good of the whole.
Therefore, the public servant must justify the proposal in terms
of changing something for the better or preventing a change for
the worse, justifications that are almost always controversial. But
the controversy serves as the focus of public debate, and the re-
quirement that such issues be debated enables the nation to examine
the justifications that are being advanced.

Clearly, the public interest may or may not coincide with what
the general public or a part of the public demands or believes to
be worthwhile. The responsibility of policy-makers is to identify
where the public interest lies and to convince the public at large
that such a policy is in everyone’s interest, for a public official
must be not only responsible but responsive. In other words, the
public interest cannot be served unless the policy-maker is able
both to sort out those interests that best serve society at large and
to convince others, whether in Congress or in the executive branch,
that a proposed policy represents what is good for society at large
and not merely the special interests of a few. The difficulty of
satisfying these objectives is well documented in American po-
litical history.

Formulating Strategic Minerals Policy

For purposes of the ensuing discussion, the public good is
defined here as “safeguarding the national security of the United
States, its citizens, and its Allies.” This definition is quite similar
to the definition of national defense. Indeed, strategic minerals
form a subset of the national defense in that they are the input
materials for weapons systems, the defense industrial base, and
essential civilian productive activities.

At first glance, it would seem that this definition is rather
straightforward, but closer examination shows that a considerable
degree of subjectivity is embodied within it. Among the several
considerations involved in the definition is the question, How much
security is enough security? Conversely, how much risk is the
United States willing to take, given that absolute security is an
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unreachable objective? Put another way, what degree of vulnera-
bility is acceptable and under what conditions? For example, the
risks and vulnerabilities under normal peacetime conditions differ
appreciably from wartime possibilities, with the number of ““war-
time scenarios” ranging widely from low-intensity conflicts—in
which the United States may play only a peripheral role —to full-
scale conventional war between the United States and the Soviet
Union, or its surrogates. Moreover, such a confrontation could be
brief or of long duration. These scenarios involve judgments by
US policy-makers about the likelihood and seriousness of possible
emergencies, i.e., the educated “best guesses” of experts—none
of which can be established in any scientific or completely objec-
tive manner. By way of illustration, civil war in South Africa
would almost certainly lead to a disruption of key mineral exports
from that country, but the degree and duration of such an inter-
ruption has been the subject of considerable debate by experts in
the Department of Defense, the intelligence community, and the
Department of State.

At the other extreme, an all-out conventional East-West war
would impinge on many strategic mineral supply considerations
and be affected by the length of the conflict, theaters of operation,
number and types of weapons to be used, attrition of men and
materiel, protection of shipping lanes, and the ability of the econ-
omy to mobilize its domestic mineral resources and to surge in-
dustria' production. Given the number of variables involved, even
sophisticated computer models are unable to generate meaningful
results without a number of simplifying assumptions. Here too,
judgments are involved in determining which assumptions are
realistic. The Department of Defense, which attempts to determine
material requirements, has been openly criticized by the General
Accounting Office concerning both the methodology used and
assumptions made in establishing its materials requirements.?

A final consideration, and perhaps the most important in
practical terms, is cost; i.e., what price are we willing to pay to
assure an “adequate degree of security.” The size of the National
Defense Stockpile—which can be thought of as an insurance pol-
icy—provides a concrete example of disagreement over the se-
curity-cost issue. For example, in 1937, the Navy Department was
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authorized to purchase $3.5 million worth of materials determined
to be necessary in time of war.’ Subsequently, annual stockpile
authorizations expanded to $100 million in 1937, $2.1 billion in
1946, and $3 billion by 1951. During this period, however, funds
appropriated by Congress for the National Defense Stockpile fell
considerably short of authorized stockpile goals. By 1962 the
stockpile contained only $2 billion in materials.

The current National Defense Stockpile, based on goals es-
tablished in 1980, contains inventories valued at $9.1 billicn—of
which $2.0 billion is considered to be material in excess of in-
dividual material goals—Ileaving unfilled goals at $12.3 billion as
of 31 March 1988 prices.* In sharp contrast, based on the resuits
of a study conducted by the National Security Council (NSC)
during 1984-85, President Reagan on £ July 1985 recom. w2nded
to Congress a stockpile of only $700 million plus a supplemental
reserve of $6 billion.* The President also recommended the sale,
over five years, of surplus inventories totaling $3.2 billion.
Congressional and private industry opposition to this plan was
considerable. In addition, various government studies have at-
tempted to weigh the trade-offs between stockpiling materials and
subsidizing their domestic production under the Defense Produc-
tion Act in an attempt to determine the best approach for increasing
the supply availability of certain specific materials. These studies
note that each unit of annual production of these materials is able
to offset the need for three units of the same material in the
stockpile, based on the assumption of a three-year conventional
war.

With the strategic minerals’ public £ood competing with the
public good in other areas, the policy-muker—whether in the ex-
ecutive branch or in Congress—faces a difficult balancing act—
especially where large defense expenditures run headlong against
the public’s desire for clean air, protection of wilderness areas and
wildlife. increased human services, and lower taxes. A stronger
and more costly strategic minerals policy may be particu’arly
difficult to sell to the American public for several reasons: it
involves technically complex concepts such as superalloys and
materials substitution, about which the public has little under-
standing; it relates to the defense sector, seen by a majority as an
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already bloated consumer of precious tax dollars in the absence
of any real threat, and the ability of the United States and Soviet
Union to destroy each other several times over; it involves the
mining industry, which in the past has gained a reputation for
despoiling the countryside, polluting the air, and receiving undue
government assistance in the form of generous depletion allow-
ances and other tax benefits while reaping large profits; and finally,
it involves relatively few jobs now that high-technology and serv-
ices have replaced mining and *“smokestack” industries as major
sources of national income. In addition, lobbyists for the envi-
ronment have a much broader base of support than does the mining
lobby. From a foreign policy perspective, US strategic mineral
policy may be difficult to divorce from public hostility toward
South Africa because of the emotional and moral objections to
apartheid. Thus, the view of the public good by voters may vary
considerably from the government view, and the policy-maker en-
trusted with national defense responsibilities may have to spend
as much time educating and selling the public as actually for-
mulating policy.

Even within the government itself, strategic minerals tend to
take a back seat to other more pressing issues. Mexico and Brazil
have considerable mineral resources, the development of which
could diversify US import sources and increase reliability of sup-
ply. But more pressing issues tend to occupy the time and energy
of policy-makers dealing with these countries. For Mexico, the
issues of a rapidly declining economy as a result of falling oil
prices and internal corruption, debt repayment, illegal immigra-
tion, and drug trafficking tend to occupy the administration full-
time. Similarly, for Brazil the debt repayment problem, the via-
bility of the current democratic regime, and agricultural trade
issues tend to command the most attention. It is unlikely that any
of these problems will be resolved soon. Therefore, unless US
private industry takes the initiative to develop Mexican and Bra-
zilian mineral resources, the United States is unlikely to benefit
in any major way from their proximity. In contrast, other countries,
such as Japan, are already staking their claims in the region
through joint mineral ventures supported by government subsi-
dies.¢ It would seem that bilateral talks should take into account
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US strategic mineral needs as well, even to the extent of using a
quid pro quo approach on certain issues—such as granting Brazil
agricultural concessions—in order to make some gains in access
to their strategic minerals. In the absense of putting strategic
minerals on the front burner of discussions with the countries, one
must question the seriousness with which the United States views
the strategic minerals problems. In an integrated world economy,
for the United States to limit prospective solutions to its own
internal resources does not appear to serve the public good
efficiently.

Last but not least among factors deciding the public good,
policy-makers themselves are at odds over whether the United
States is vulnerable to cutoffs of its supplies of strategic minerals.
According to Dr. Charles L. Schultze, former Director of the
Bureau of the Budget,

Any modern industrial economy and particularly the United States,
is incredibly quick to adapt to shortages of particular materials.
Substitutes are quickly discovered, synthetics developed, and ways
found to minimize the use of short-supply items. If all imports to
the United States were cut off and every one of our overseas in-
vestments expropriated, the US economy would not collapse. Our
living standards would suffer, but not by a large amount.”

Others take the view that a cessation of certain critical ma-
terial imports could create economic disruptions more serious than
any that might occur from a cutoff of petroleum supplies. During
congressional testimony before the Senate Committee on Foreign
Relations, one witness claimed that in the extreme, “the Nation’s
essential industries might be shut down within six months, and
that continued lack of such supplies could cause a reversion of
40-50 years in the US standard of living and technology.”®

Approaches to Risk Reduction

With such a disparity of views over whether a serious problem
exists, one should not be surprised that no consensus exists on
what, if anything, the United States ought to be doing in this area.
Moreover, disagreement exists over how the public good is to be
achieved, even among those who believe that the degree of risk
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is a major cause for concern. As a starting point, in this section
the assumption is made that market forces alone cannot provide
sufficient adjustments to completely compensate for serious dis-
ruptions in strategic mineral supplies and that some form of gov-
emment action would be required to meet contingencies. Most
policy approaches have tended to fall into one of five general
categories:

—increased domestic production;

—Ilarger stockpiles;

—resource allocation and sharing;
—agreater diversity of overseas supplies; and
—technological solutions.

’

Indeed, all of the above have been tried in the past or are
now being applied to some degree. Some “solutions” have been
“one-shot” experiments; others have been based on existing stand-
ing authorities in the event of a materials supply emergency. Al-
though it could be useful to go into exhaustive detail about each
of the above policy approaches, a few succinct examples will serve
to highlight past and present attempts to mitigate the risk of a
strategic minerals supply disruption.

Increasing Domestic Production

Under Title III of the Defense Production Act of 1950, some
$8.4 billion was spent during and after the Korean war to expand
the production of strategic and critical mineral commodities
through a system of price guarantees, purchase commitments,
direct loans, loan guarantees, and tax benefits. The net cost to the
government, however, after acquisition of these commodities from
the private sector and the sale of unused materials was only $900
million. By 1956, DPA-supported production had resulted in a
doubling of US aluminum capacity, an increase in US copper-
mining capacity of 25 percent, initiation of US nickel mining,
creation of a tantalum industry, and a quadrupling of US tungsten
mining and processing. Title I of the same act, created specifically
to deal with materials shortages during the Korean war, established
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a system of priorities and allocations that (a) made Defense De-
partment orders the first claimant against the output of strategic
and critical materials, (b) distributed the entire remaining supply
according to a priority system developed by federal emergency
management agencies, and (c) issued conservation and limitation
orders to limit or forbid certain non-essential uses. Title I au-
thorities also were used extensively during the Vietnam war. Sim-
ilarly, tax incentives in the form of accelerated depreciation and
investment tax credits were used in the early 1950s to stimulate
major expansion of the US industrial base. Rapid depreciation
alone—over a five-year period—added nearly 25 percent to US
steel capacity. Tax laws continue to encourage mining expansion
by granting higher depletion rates for minerals considered more
strategic.’

In contrast, under peacetime conditions, the government gen-
erally has been content to let free market forces determine US
mineral supplies. This passive approach to the problem worked
well during the boom years of the 1950s when supplies of all
commodities from oil to agricultural goods became increasingly
tight and fears of world shortages stimulated massive private in-
vestment. However, since the early 1980s’ recession and the failure
of the Western economies tc recover to previous high economic
rates of growth, the US minerals industry has fallen on hard times.
Much production and processing capacity has moved offshore as
foreign competition har stiffened. From 1982 to 1986, for example,
the value of US nonfuel minerals production—especially metallic
minerals—virtually stagnated, contributing to a share decline in
the US defense industrial base. Figures for 1987 and 1988 reflect
rising prices and output.'®

Although the steel and copper industries have been hardest
hit, strategic minerals also have fared poorly. Nearly flat demand
continued in 1986 for refractory metals, nickel and chromium-
bearing stainless steels, alloy and specialty steels, chromium and
tantalum for aerospace uses, and oil drilling equipment containing
cobalt-bearing tungsten carbides. Until recently weak demand and
high inventories generally have held down the price of nickel,
chromium, tungsten, columbium, tantalum, and molybdenum—
exacerbated by imports of low-priced metals. The single US nickel
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Value of US Nonfuel Mineral Production

Industrial
Metals Minerals Total
1983 6,004 17,151 23,161
1984 5,621 17,612 23,233
1985 5,608 17,872 23,480
1986 5.817 17,642 23,459
1987 7,444 18,902 26,346
1988 10,428 20,032 30,460

Million current dollars; US Bureau of Mines.

mine was forced to close in mid-1986. Operating rates for fer-
roalloy producers averaged less than 50 percent. As a result of
these trends, employment in the nonfuel mineral mining and proc-
essing industries has declined by 18 percent or about 600,000 jobs
since 1981. As a point of contrast, spurred by a continuation of
generous government subsidies, US grain production continues to
reach record or near-record levels year after year and government-
held grain inventories are now sufficient to satisfy total world
import demand for two years.

The influx of cheap imports has resulted in a negative nonfuel
mineral trade balance with the deficit for 1986 estimated at $15
billion.!" Although inexpensive imports may mean cheaper prices
for consumers, they contribute to greater unemployment and con-
tinued erosion of the US industrial base, a matter of considerable
concern to policy-makers. Lobbyists have argued that the United
States should take some form of action, such as imposing import
quotas or tariffs to counter unfair foreign competition. The Reagan
administration, however, argued that the technological inefficiency
of domestic producers led to the state of affairs in the minerals
and metals processing industries. The Reagan administration took
this position in late 1985 when it refused to provide relief to US
copper producers against cheap Chilean copper imports. Mining
interests, on the other hand, counter that foreign producers are
heavily subsidized by their governments, making it impossible for
US producers to effectively compete on a worldwide basis.




86 Strategic Minerals

The situation is further complicated by production policies
in the Less Developed Countries; when prices fall, they tend to
increase output in order to sustain the hard currency earnings
needed to service their foreign debts and to maintain domestic
political stability and employment—problems not likely to be re-
solved for many years. Failure to produce all-out would create for
them an even more precarious economic situation, and the accom-
panying higher unemployment would increase the chances of do-
mestic instability. Recent administrations have tended to give these
foreign policy considerations a great deal of weight and have tended
not to take protectionist actions against cheap imports for this
reason.

Another approach to greater domestic production, especially
for minerals in which the United States has so far identified only
marginally economic resources, is to open up public lands to
mineral exploration and development. This approach has been
hindered by several factors: legislative-regulatory gridlock, tech-
nology problems, and investment disincentives. According to a
1979 survey, 40 percent of the nearly 825 million acres of federal
land was formally closed to mineral development and another 10
percent is highly restricted in such use.'? This acreage is reser =d
for wildlife protection, national parks and recreation, agriculture,
energy development, and military and Indian uses. This “single-
use” approach to federal land management has created a massive
roadblock to domestic mineral exploration—despite section 2 of
the Mining and Minerals Policy Act of 1970, which requires the
government to “foster and encourage” the multiple use of public
lands. Indeed, Congress, especially since 1976, has moved in-
creasingly against the intent of this law through other legislative
avenues restricting public land usage.'> Major lobbying efforts by
the National Wildlife Federation, regulatory restrictions by the
Environmental Protection Agency, the efforts of pro-environment
members of Congress, and judicial inaction on these issues have
brought mineral development on public lands to a virtual standstill,
despite the efforts of the Reagan administration, which returned
several million acres of public lands to the multiple use category.

From a technical standpoint, even if federal lands were
opened to exploration, many experts feel that the prospects for
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major discoveries are slim. Precambrian rocks are considered the
most geologically favorable areas for the existence of chrome,
cobalt, and platinum deposits, but such geologic formations are
not extensive in the United States. Other geologists disagree with
this majority opinion, however, pointing out that increased geo-
logic knowledge, better satellite reconnaissance technology and
fresh exploration concepts could find new deposits. It is believed,
for example, that the technology level employed by mineral ge-
ologists today is about 20 years behind the level used in oil and
gas exploration. !4

This fact ties in closely with a third obstacle—a lack of
reliable long-term economic incentives to explore for strategic
minerals. The abundance of cheap foreign supplies and the ex-
pected continuation of low prices for the foreseeable future have
removed most incentives to undertake risky—as well as costly—
exploration programs. New mining ventures can cost $1 billion
or more from exploration to development. By way of contrast, the
total value of US imports for five major strategic minerals—chro-
mium, cobalt, manganese, platinum group, and vanadium—is
only about $5 billion. Thus it is not surprising that no group is
actively exploring for strategic minerals in the United States today.
Unless government resources in the form of funds or technology
are applied to the problem, prospects for a near-term discovery
breakthrough appear to be slim.

The above discussion does not, of course, pertain to already
known sub-economic deposits of strategic minerals. Dozens of
such deposits exist from Maine to California and Alaska, but these
are uneconomic to develop at current or expected long-term price
trends (appendix A, tables A-23 through A-26). Some mines, in
fact, which have been in production in the past, have since been
shut down. For example, the most recent US production of chro-
mium occurred at the Stillwater Mine Complex in Montana during
1953-61. About 900,000 tons of ore were produced at a govern-
ment-guaranteed price of nearly $35 per ton under the Defense
Production Act. This price was more than four times the world
price. Similarly, US cobalt production ceased in 1972. During
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1948-62, some 14 million pounds of cobalt were produced do-
mestically under stockpile purchase contracts and the DPA pro-
gram. During World War II, manganese ores were produced in
20 states—satisfying 13 percent of US requirements—but all pro-
duction ceased by 1970.' In the lone exception, the 1986 rise in
platinum prices to well over $600 per troy ounce stimulated the
private development of platinum production at the Stillwater Mine
in Montana. According to projections, with a sustained market
price of around $450 per troy ounce, the mine is expected to
produce as much as 100,000 troy ounces of platinum and 340,000
troy ounces of palladium by 1990, which could satisfy about 15
and 30 percent, respectively, of US needs. Prices for 1987-89 have
hovered in this range. Market prices would have to increase several-
fold before production of the other strategic minerals would be
economic. In all of the above cases, potential domestic production
would still satisfy only a fraction of US needs, even with govern-
ment assistance.

Stockpiling: A Study in Frustration

The subject of stockpiling has drawn more attention and
generated more controversy than any other aspect of the strategic
minerals issue. Certainly there has been more congressional in-
volvement, policy recommendations, and legislation on stock-
piling than for any other aspect of the strategic minerals problem.
The concept of a National Defense Stockpile has its origins in
materials shortages experienced in World War I. Although congres-
sional hearings on the subject go back to 1880 and planning was
begun by the Army General Staff in 1921, it was not until 1937
that the Department of the Navy was authorized to purchase $3.5
million worth of material deemed to be necessary in time of war.'¢
The National Strategic Stockpile concept was not institutionalized.
however, until passage of the Strategic and Critical Stockpiling
Act of 1939, which also authorized the purchase of materials for
essential civilian and defense-supporting industries, as well as
wartime materials. The $100 million purchase program authorized
for the period 1939-43 was interrupted by the outbreak of World
War after only $70 million had been spent.
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A greatly expanded Stockpile Act was passed in 1946, which
empowered the government to assume control of all inventories of
strategic and critical materials, as well as to promote domestic
production of these items. A stockpile goal of $2.1 billion was
established which, after allowing for stocks already in the inven-
tory, left the stockpile short by $1.8 billion. The gap was to be
closed by annual purchases of $360 million per year over five
years, but because Congress annually appropriated considerably
smaller sums, the stockpile was only 40 percent complete at the
onset of the Korean war. Subsequently, within a period of only
six months, nearly $3 billion additional was appropriated. The
National Stockpile was also expanded as a result of two other
stockpiles. Excess materials totaling some $2 billion, purchased
under the Defense Production Act, were transferred to the National
Stockpile by 1962. Similarly, strategic materials were acquired for
the National Defense Stockpile by bartering surplus agricultural
commodities under the authority of the Commodity Credit Cor-
poration Act of 1949. It was not until the passage of the Strategic
and Critical Materials Stock Piling Revision Act of 1979 that all
government stockpiles of strategic materials were consolidated into
one inventory.

Over the years US stockpile policy has suffered the slings
and arrows both of Congress and the executive branch, with Pres-
idents playing a particularly active role. Under the Eisenhower
administration, the stockpile objective of sustaining a five-year
war effort—established during World War [I—was reduced to only
three years, creating large surpluses for disposal. Additional sur-
pluses were created in 1973 when the Nixon administration reduced
this objective to only one year, subjecting itself to criticism that
the reduction was made to generate large revenues designed to
reduce the budget deficit—a deficit that was becoming a political
liability. Manipulation of the stockpile for economic purposes was
not confined to the Nixon administration, however. In 1965 Pres-
ident Johnson threatened to release 300.000 tons of stockpiled
aluminum in order to force the aluminum industry to rescind a
major price increase. Congress acted to halt all disposals in 1975
until a new stockpile study could be conducted. The subsequent




—

[ U

90 Strategic Minerals

inter-agency study—led by the National Security Council—reaf-
firmed the three-year objective and announced a major, long-range
disposal and acquisitions program.

Until late 1986, fragmentation between policy-making offices
and their operational components also existed within the stockpile
program. Prior to 1973, the Office of Defense Mobilization was
responsible for stockpile policy and the General Services Admin-
istration (GSA) for stockpile management operations. In 1973 both
functions were posited with GSA, but the 1979 Stockpiling Act
again split off the policy-making component, transferring it to the
Federal Emergency Management Agency (FEMA). By early 1987
all stockpile functions were transferred to FEMA. Although this
structure would appear to simplify matters greatly, annual stockpile
transactions were determined by a steering committee chaired by
FEMA but with representation from Agriculture, Commerce, De-
fense, State, Energy, Interior, Treasury, the Office of Management
and Budget (OMB), GSA, and CIA. Each agency had an interest
in the effect that a purchase or sale might have in those areas for
which it has some responsibility. Thus, there is an attempt to factor
in considerations such as national security, mobilization needs,
international and domestic economic policy, the US industrial base,
domestic resource development, and foreign policy into decisions
to buy or dispose of strategic and critical materials. Although the
goal is altruistic, the results have been less than satisfactory.

Congress, too, has tended to weigh in heavily when it per-
ceives that a particular stockpile plan runs counter to interests that
it represents. For example, Congress opposed President Reagan's
July 1985 stockpile modernization recommendations, which would
have reduced chromium inventories by 40 percent, cut cobalt and
manganese holdings roughly in half, and eliminated platinum and
palladium inventories completely. The current stockpile (see table
A-6) contains a three-year supply of chromium and cobalt, a two-
year supply of manganese, and less than a one-year supply of
platinum-group metals.

The President’s proposal was based on a 1984-85 NSC stock-
pile study that had been harshly criticized by the General Ac-
counting Office for its methodology, its lack of sensitivity analysis,
and its apparent intent to return excess revenues from disposals
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to the Treasury’s General Fund in seeming violation of the 1979
Stockpile Act.'” In President Reagan’s proposal to Congress, about
$3.2 billion in surplus items would be sold within five years. The
Reagan administration argued that previous stockpile studies, upon
which current stockpile goals were established, contained a num-
ber of basic errors and unrealistic assumptions regarding oil avail-
ability, essential civilian requirements, and domestic materials
production. (See the White House Press Release, appendix D.)

Among the many opponents to the proposal within Congress
was Representative Charles E. Bennett of Florida (see chapter 4
for a more complete statement of his views), who proposed under
H.R. 1392 that authority and responsibility for the management
of the stockpile be transferred to the Department of Defense (DOD)
and that Congress itself determine by law future stockpile goals.
During hearings in March 1987, DOD expressed opposition to this
bill, as did the newly appointed Director of FEMA, while a former
Director of GSA stockpile operations and a retired rear admiral
expressed support for the bill.!®

On 25 February 1988, in Executive Order 12626, President
Reagan elected the Department of Defense to be responsible for
the National Defense Stockpile. The Defense Logistics Agency
will handle stockpile operations previously divided between
FEMA and GSA. Development of the annual stockpile manage-
ment plan will come from the Bureau of Mines and other agencies,
in cooperation with DOD.

Although it is not surprising that stockpile policy has fluc-
tuated widely from one administration to another, even President
Reagan found it difficult to maintain a consistent policy. In 1981,
the newly elected President ordered a “long overdue” purchase of
cobalt to raise the stockpiled inventory.'® In 1982 President Reagan
declared, “The United States is a naval power by necessity, crit-
ically dependent on the transoceanic import of vital strategic min-
erals.”® Early in 1985 Secretary of State George Shultz, in a
major policy address, said that “South Africa is not a small island.
It is a regional powerhouse endowed with vast mineral re-
sources. . . .” Presumably he was speaking for the President. The
Reagan administration was steadfast in attempting to maintain
good relations with Pretoria while seeking political change in
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South Africa through his policy of constructive engagement. It
can be presumed that one consideration for remaining on good
terms with the Botha regime was to assure a continued supply of
key strategic minerals from that country or at least not to inten-
tionally jeopardize that supply. Even Congress recognized this
important dependency, including in its Comprehensive Anti-
apartheid Act of 1986 provisions to exempt selected strategic min-
erals from any potential prohibitions on imported goods from
South African parastatals (the “List of Ten”).

An explanation of the administration’s apparent flip-flop on
the stockpile issue, in light of its yeoman efforts to strengthen the
US defense program, may lie in the fact that the President wears
many hats. He must attempt to balance the competing and often
contradictory demands of multiple public interests. Thus, if bal-
ancing the budget is the overriding public-interest concern, one
might expect to see cuts in other programs that could have an
impact on strategic minerals availability such as federally funded
R&D for materials research, and, perhaps, an even greater re-
luctance to provide subsidies to private industry for the develop-
ment of domestic production capacity.

Elements in Congress. nonetheless, have remained steadfast
against reducing stockpile levels, particularly with the situation
in South Africa so volatile. Congress, although often frustrating
the achievement of stockpile goals over the years by failing to
allocate sufficient funds as recommended by the executive branch,
has been reluctant to sell off inventories once material has been
purchased. Part of this reluctance stems from seemingly less than
astute stockpile management, which has on more than one occasion
resulted in “buy-high, sell-low” transactions. For example, the
last cobalt purchase for the stockpile—S.2 million pounds—was
made at $15 per pound. Massive cobalt sales now would earn less
than half this price based on 1988 producer and spot market prices.

Private Stockpiles as a Cushion

User stockpiles provide an important cushion against supply
disruptions. Virtually every company that uses industrial materials
maintains business inventories to ensure continuity of production
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and delivery in the event of supply problems. Although generally
not large compared with the National Stockpile, private inventories
are among the most efficient means of protecting against short-
term supply cutoffs because they are located at the point of need
and in the form, grade, and quality needed by the user to maintain
production. Their size tends to vary according to several factors:
(a) political risk assessments; (b) interest rates; (c) anticipated
price trends for future inventory purchases; and (d) efficiency in
managing those inventories. With computer-controlled inventory
maintenance, low metals prices, and high interest rates, average
inventories in the early 1980s tended to fall. However, with the
onset of escalating political turmoil in South Africa beginning
about 1983, private firms have undoubtedly increased their inven-
tories of strategic minerals. Estimates by the Bureau of Mines,
Commerce, and industry trade journals made for end-of-year 1987
indicate that private stocks range from a 4- to 8-month supply—
in terms of consumption—for chromium, cobalt, manganese, and
vanadium to a 15-month supply for platinum. However, when
calculated in terms of imports from southern Africa, private stocks
of chrome and cobalt provide a 7- to 8-month supply; for man-
ganese, platinum, and vanadium, 12 to 18 months. For platinum,
where markets are tightest and prices have been rising over the
past 18 months. the stock situation is mixed. The US auto man-
ufacturers, the largest single platinum u« ss, currently have about
a 12-month supply of platinum and palladium on hand. For rhod-
ium, however, the industry is seeking to build stocks to a three-
year level of consumption. The Japanese auto industry is believed
to have about a two- to three-month supply of platinum and is
estimated to have doubled its rhodium purchases from the USSR
in 1986. In Western Europe, where platinum use for catalytic
converters is still small, stocks are probably less than one month’s
supply but can be expected to rise with the stricter emissions
standards that began to be phased in beginning in 1988.

Such inventory levels could get US industry through a short-
to-medium term interruption, depending on which metals were
involved. They would be inadequate, however, to sustain industrial
production over a long period and would soon be depleted in the
event of a surge in demand brought on by industrial mobilization
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for a multi-year conventional war. In the latter case, annual demand
for defense needs alone could be expected to double or triple and
private inventories would be grossly inadequate.

Private industry has strong feelings about the government’s
responsibility to maintain an adequate national stockpile and gen-
erally opposed Reagan’s 1985 stockpile proposal. Acquiring and
maintaining excess private inventories, which are nonproductive
assets, is prohibitively expensive and runs contrary to the corporate
view—which is to operate at a profit for the benefit of their owners
or sharcholders. This, in turn, contributes to employment, private
spending and, through the multiplier effect, a more robust econ-
omy—benefiting the public at large. As an alternative, some have
suggested that the government provide special tax incentives to
encourage stock building by private industry. Proponents of such
policies also argue that private industry can carry out a stockpile
program much more efficiently than can the US Government.

The Need for Resource Sharing

Formalized resource sharing is another area where an im-
provement in strategic mineral policy could help reduce US vul-
nerability. The United States has only one such agreement— that
being with Canada. As noted in chapter 1, Canada is rich in
minerals, with nearly 70 percent of its mineral exports going to
the United States. Moreover, it has not been as fully explored as
has the United States. Based on mobilization agreements signed
in 1949 and 1950, the two governments have agreed to “use the
production and resources of both countries for the best combined
results”; to “develop a coordinated program of requirements, pro-
duction, and procurement”; and to “institute coordinated controls
over the distribution of scarce raw materials and supplies.”™' It
would appear prudent to pursue such a policy with Mexico and,
perhaps, even Brazil.

The situation with our European allies is a bit more complex.
Europe and Japan are even more dependent on imported strategic
minerals than is the United States. During World War I, the United
States shared many of its mobilization resources with the UK,
France, and other allies. Presumably, in the event of a conventional
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war in Europe, our allies would expect us to share our strategic
mineral stockpiles with them should materials shortages develop
in their countries, and we would be likely to do so. Indeed, their
needs could be considerable given the fact that their stockpiling
efforts have been minimal to date.

The French stockpile acquisitions program, begun in 1975
for economic reasons in order to support French industry, is thought
to contain a two-month average supply of 10 or 12 minerals.
Chromium stocks are thought to be equal to about one year of
consumption, platinum six months, and palladium three to four
months. According to industry sources, France is - inging the
product mix of the stockpile, recently emphasizing strategic min-
erals. These sources estimate that France sold off about $150
million in lead, zinc, nickel, and copper during 1984-85. The UK
stockpile program, initiated in early 1983 in response to the Falk-
lands War, after many on-again, off-again debates within Parlia-
ment, is thought to be worth about $60 million and to contain
cobalt, chromium, manganese, and vanadium in unknown but
relatively small amounts. A stockpile sell-off program, announced
in November 1984 for budgetary reasons, was suspended, appar-
ently because of the increased risk of supply interruptions brought
on by the worsening situation in South Africa. Sweden has had a
materials stockpiling program since the mid-1930s, consisting of
three stockpiles—wartime defense, peacetime emergencies, and
stocks held by industry. As of October 1982, the total value of
defense stocks of metals was about $93 million out of a total of
$482 million. Known to be included are chromium, manganese,
platinum, and vanadium. Quantities are secret but probably
amount to six to eight months of consumption. Essentially the
same metals are in the peacetime stock. Although the goal is about
three months of consumption, quantities are well below targets.
Industrial stocks are thought to be larger, encouraged by generous
tax incentives.

In West Germany a plan to stockpile one year’s consumption
of chromium, cobalt, manganese, and vanadium was dropped in
1980 for budgetary reasons. Instead, West German policy is de-
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signed to encourage private enterprise to diversify foreign supplies,
expand domestic minerals production, maintain technological lead-
ership, expand recycling, and develop conservation and substi-
tution technology in strategic metals. No other countries in Western
Europe are known to be stockpiling strategic minerals. Judicious
strategic minerals policy suggests that the United States ought to
press the allies to do more in the area of stockpiling. The Reagan
administration’s proposal to drastically reduce US stockpile levels,
however, could have sent the wrong signal to our NATO allies,
making such negotiations difficult, if not impossible, to carry out
successfully.

Although the absence of major stockpiles in Western Europe
would preclude them as a source of raw materials for the United
States, European metals refining and processing capacity is siz-
able, especially for the Big Four minerals. Much of the world’s
raw platinum and cobalt is processed in Europe and ferrochromium
and ferromanganese capacity is sizable. According to 1984 data,
West European production of all ferroalloys was some 2.5 times
the level of US output with operating rates averaging only about
75 percent of capacity. The US industry, which was in sharp decline
through 1986, depends increasingly on imports. During the 1978-
85 period in the US ferroalloy industry, the number of plants
declined from 29 to 17, and employment and capacity fell by
roughly 50 percent. Imports now stand at roughly two-thirds of
consumption. According to the US Bureau of Mines, January 1988
“posted the strongest month of raw steel production since
1984. . . . From January through July, the steel industry was op-
erating at 88 percent of its capacity compared with only 77 percent
a year earlier.” One study concluded that during a mobilization,
US imports would have to increase by 1.4 million tons to com-
pensate for the decline in domestic capacity and a surge in de-
mand.?? This quantity is about equal to excess European capacity.
Depending on the particular wartime scenario, European demand
would also surge. Thus, an agreement to share any increased
output of processed metals in exchange for raw materials in the
stockpile could benefit both sides.
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Diversifying Supplies from Abroad

Agreement is nearly unanimous that the United States ought
to be diversifying its foreign supply sources in order to minimize
the effects of a supply disruption from any one country. Although
in theory such an approach is a good one, in practice such a policy
is constrained by geological facts of nature. For the four most
critical minerals—chromium, cobalt, manganese, and the plati-
num-group metals—known resources are heavily concentrated in
southern Africa and the USSR. Nonetheless, a systematic approach
to exploration in the LDCs might yield additional sources of supply.
In general, these countries have not been thoroughly explored for
strategic minerals due primarily to a lack of know-how and in-
adequate funds. Where the United States has provided aid and
technology to LDCs, most efforts have been channeled into ed-
ucation and agriculture.

Past efforts along the lines of diversification have been piece-
meal at best, but the institutions exist to carry out such a program.
Organizations such as the Agency for International Development,
the Trade and Development Program (TDP) of the International
Development Cooperation Agency (IDCA), the International Pro-
gram of the US Geological Survey, the US Export-Import bank,
the Overseas Private Investment Corporation, the Export Trading
Company Act, and Bilateral Investment Treaties have the authority
to promote both government and private initiatives that could be
used to support overseas mineral development.? In some cases,
however, these agencies seem to work at cross-purposes with other
aspects of the public good. For example, a $75 million loan by
Eximbank to expand Mexican copper mining and smelting oper-
ations and a $35 million credit to expand the Mexican phosphate
industry were viewed as harmful by similar US mining interests.
Moreover, copper and phosphates are not considered to be strategic
minerals. Despite these occasional incongruities, Eximbank pro-
grams now support about one hundred US mining and processing
operations abroad.

In some cases, these agencies are constrained by other fac-
tors. For example, the Overseas Private Investment Corporation
(OPIC) is required to consider the record of human rights before
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approving projects in developing countries. Similarly, amendments
to the OPIC Act in 1978 made direct loan and feasibility study
funds available specifically for the minerals sector, but the projects
must be sponsored by US small businesses and expenditures can-
not exceed $4 million—an amount hardly adequate to support
capital-intensive mineral development projects.

The most successful initiatives in the past have been under-
taken by the US Geological Survey. Major mineral discoveries
have included manganese in Brazil, copper in Pakistan, potash in
Thailand, and lithium in Brazil. Budget cutbacks have occasion-
ally taken their toll, however. In 1969-70, the Geological Survey
had 25 projects in 19 countries. By 1980, only two such projects
existed. The Trade and Development program of the International
Development Cooperation Agency has also been quite successful,
supporting development feasibility studies of cobalt resources in
Morocco and Peru, chromium in Turkey and the Philippines, and
manganese in Mexico and Gabon—all strategic minerals. The
Trade Development program, however, once constrained by budg-
etary limitations, received funding of only $700,000 in 1984; in
1988 the program received $25 million. Multilateral programs
under UN or World Bank sponsorship have been the primary means
of providing US assistance to the mining and smelting industries
in the developing countries, but these programs, according to the
GAO, have had only a limited impact on increasing supplies of
strategic minerals considered to be important to the United States.
Of 45 mineral-related projects during 1971-80, most involved cop-
per, lead, zinc, and iron ore.?*

The above discussion suggests that there exists a great deal
of fragmentation in US overseas mineral development policy, a
lack of well-defined objectives, and serious budget limitations. It
would seem appropriate to combine all these efforts under one
overseas program, taking advantage of economies of scale both
in terms of budget allocations and US expertise. Perhaps the great-
est benefit of such a reorganization of effort, however, would come
from defining US objectives and pursuing them with a single-
minded purpose. This would eliminate the impediment of at-
tempting to achieve the public good across a wide range of foreign
policy objectives. The payoff in new and diversified sources of
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strategic mineral supplies would likely be higher under such an
arrangement.

Can Technology Provide the Answer?

Federal funding of research and development (R&D) provides
another approach toward advancing the public good in strategic
minerals, primarily through the development of substitute mate-
rials. Galvanized into action by the 1978-79 cobalt crisis and the
realization that foreign supplies of other strategic minerals also
could be easily jeopardized, serious research in the areas of tech-
nical conservation and substitution are now underway in the United
States. Programs initiated by both government and private industry
are investigating the feasibility of developing substitutes for stra-
tegic minerals and ways to use less material to perform the same
function.

Private industry took the lead initially—first in cobalt, later
in chromium. Substitutes were quickly developed in magnets and
tool steels. Designing cobalt and chromium out of superalloys,
however, has not been as simple a task, and has been considerably
more costly. For example, INCONEL MA 6000—a cobalt-free
superalloy was developed by a researcher at the International Nickel
Company (INCO) in 1968, but its commercial introduction is
probably five years away because of development costs in the $10
million to $12 million range. The private sector also has low-
chrome and chrome-free alloys in the laboratory stage, designed
to replace high-chromium stainless steel. The speed at which these
new alloys become commercial will depend in large measure on
whether there is a threat of a supply interruption—perceived or
actual—and on prospects for chromium prices. At only about 40
cents per pound for ferrochromium, there is little price incentive
to commercialize many of these laboratory developments. On the
other hand, if chromium supplies should be disrupted—no matter
how low chromium prices are—the incentive to replace them with
other materials would build rapidly.

Because of the high costs and long lead times involved in
developing substitutes, however, private industry is unable to carry
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the entire R&D load alone. Simply put, greater and more im-
mediate payoffs are available through other uses of these funds.
Therefore, the federal government has stepped in with its own
long-range R&D substitution programs, working closely in many
cases with private industry.

Development of another cobalt-free superalloy, underwritten
by NASA, is expected eventually to cost $6-9 million—an amount
no single company is likely to undertake for the purpose of con-
tingency planning in the event of a hypothetical future cobalt
shortage. Commercial development of the 9 percent chromium-
molybdenum alloy mentioned earlier took nine years at a cost of
$7 million—3$5 million in government funding and $2 million from
industry. In the area of structural ceramics, government-funded
R&D has averaged $46 million a year since 1983.%

Some successes have been notable. Nearing commerciali-
zation is a 9 percent nickel-molybdenum alloy developed by Oak
Ridge National Laboratory for use in the pressure vessels and
connecting tubing of liquid-metal, fast-breeder reactors. This alloy
uses 50 percent less chromium than standard stainless steel—
which normally contains 16-26 percent chromium—and is now
being considered for final certification by the American Society
of Mechanical Engineers. NASA is developing a 12 percent chro-
mium alloy steel to compete with the popular type 304 stainless,
which is 18 percent chromium and accounts for 22 percent of total
US chromium consumption. This alloy alone could reduce US
chromium consumption by 15 percent. Similarly, the Bureau of
Mines is investigating a chromium-free alloy to replace type 304
stainless.

Even the federal government is constrained, however, by the
high costs of research and development of substitute materials.
Funding for strategic materials must compete with other uses of
the federal tax dollar. According to the Department of Commerce,
only about $67 million or 4 percent of the nearly $1.7 billion
federal materials R&D budget was directed at strategic minerals.
In contrast $80 million went into the research and development of
composites. For structural ceramics, federal R&D funding totaled
$23 million in 1982, climbing to $40 million by 1984. Most of
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this total, however, went toward various forms of energy conser-
vation or generation. Eventually there may be widespread uses for
composites and ceramics in the military, aerospace, and auto-
motive industries. Few of these new materials, however, are able
to substitute for strategic minerals in their uses in current weapons
systems.

In addition to the cost factor, institutional barriers often inhibit
the speedy commercialization of substitutes in time of crisis. Some
of these barriers could be surmounted by a technology-oriented
government policy on strategic minerals. Lack of a centralized,
readily accessible data base on material properties and structural
analysis frustrates rapid design changes. Much private research is
done in-house, and because results are generally proprietary, they
are not shared with others working on the same problem. In a
materials crisis, significant delays also could be caused by the
need for qualification and certification testing. Without a ready
commercial market or guaranteed government contracts, industry
has little incentive to underwrite the expense needed to certify a
new alloy or material. This process can cost from $20,000 to
$200,000, depending on the scope of the testing, and take any-
where from six months to a year for military applications.

The plodding progress noted above reflects several other fac-
tors: (a) a lack of serious concern on the part of industry over the
immediacy of any supply disruptions, (b) the potential for other
cheaper sources of supply, and (c) the weakness of most markets
for strategic minerals. Spot market cobalt prices, for example,
have fallen from $11.00/1b. in 1984 to about $7.50/Ib. in 1988.
The trend in prices for chromium, manganese, and vanadium has
also been downward. Only platinum prices have deviated from
this trend, due primarily to speculative buying.

Growing Complexity in the Policy Process

The strategic minerals issue historically has not suffered from
lack of attention, as shown in “The Hydranean Road to US Strategic
Minerals Policy Formulation,” which is by no means all-inclusive.
Indeed, as the complexity of the issue has grown, more and more
expertise has been brought to bear on the problem. Virtually every
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agency in the executive branch now has a department or office
tasked with providing policy support on strategic minerals. The
amount of activity devoted to the problem, however, has tended
to run in cycles, depending on geopolitical events and the strategic
awareness of the President in office. The fact that the strategic
minerals foreign dependency issue still remains in a state of flux
after years of study can be traced to several factors:

—fragmentation of authority;

—lack of coherence and continuity of policy;

—general disregard for the recommendations of independent
study commissions;

—overall budget constraints and, within that, fragmentation
of allocated funds; and

—Iloss of sight of the strategic minerals’ public good because
of competing equities among various government
departments.

Some of the obstacles to a solution fall into the category of
institutional constraints. Indeed the sheer size of the government
may have become one of the most deleterious factors working
against finding the best solution to the issues previously discussed.
The ability of any one mind to have a major impact on the issues
has been diluted by the need for compromise and the desire to
hear all sides of the argument. On the other hand, the current
system of inter-agency working groups assures that no single
agency is able blatantly to pursue its own agenda or short-sighted
policies to the exclusion of others.

Indeed, the complexity of the issues literally demands that
all interested agencies weigh in with their own independent anal-
ysis. What may seem on the surface like a simple policy solution
to one group is likely to have unknown or unintended implications
in other areas—ranging from domestic jobs to international eco-
nomic impacts and foreign policy repercussions. In order to cap-
ture these potential impacts, at least 10 agencies are now involved
in strategic minerals analysis and policy formulation—Commerce,
State, Treasury, Office of Management and Budget, the Defense
Intelligence Agency, the Central Intelligence Agency, the Depart-
ment of Defense, the Federal Emergency Management Agency,
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the Interior Department, and the National Security Council—plus
the White House and several committees of the Congress.

Continuing Stockpile Controversy

The year 1987 saw a number of new developments relating
to the controversial NSC stockpile study and President Reagan’s
decision to drastically reduce currently held inventories. To re-
capitulate, at the Cabinet level the Secretaries of Commerce, In-
terior, Defense and State originally objected to the findings of the
NSC study. Since then the GAO, US allies, domestic industry,
and numerous trade associations have expressed their concems in
writing to Congress. As a result, Congress prohibited any changes
in stockpile goals under the past three annual Defense Authori-
zation Acts (1986-88).

This logjam has been further complicated by the fact that
since the passage of the Comprehensive Anti-apartheid Act of 1986
sales of certain strategic minerals by the USSR and Eastern Europe
to the United States have increased precipitously. For example,
during late 1986 and early 1987, Soviet sales of antimony increased
by more than 8,000 percent, chrome ore by more than 800 percent,
platinum sponge by 157 percent, platinum bars by 724 percent,
and rhodium by 390 percent over the baseline period of 1981-85.
Similarly, for Eastern Europe, Czechoslovakia began selling plat-
inum and palladium to the United States and Yugoslavia, ferro-
siliconmanganese for the first time although neither country has
any domestic resources of these ores. This increase in US de-
pendency on the Communist countries has become an issue of
some concern.

Politically, developments in 1987 included

—a request to the NSC by the Secretary of Interior, urging
a reopening of the stockpile goals study;

—a policy statement by the National Strategic Materials and
Minerals Program Advisory Committee urging that “a
fresh start be made to provide seriously needed updating

)

of stockpile plans;” and
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—concurrence by DOD in the findings of the 1987 GAO
report which harshly criticized the methodology, assump-
tion and findings of the NSC study.

As a result of immense pressure and the congressional im-
passe against the stockpile disposals recommended by the White
House, the NSC agreed in April 1987 to coordinate an interagency
review of defense requirements for strategic minerals and industrial
investment assumptions and to work with FEMA in identifying
new materials that meet the criteria for inclusion in the stockpile.
The latter point was particularly important to President Reagan’s
SDI program. A wide range of rare earth metals and advanced
materials will be required to deploy the SDI system. Of these,
only one—gallium—has been recommended to be purchased for
the National Defense Stockpile.

Strategic Defense Initiative Muterials Needs

Beryllium Mercury Selenium
Bismuth Osmium Strontium
Cesium PGMs Tellurium
Chromium (high-purity) Rare Earths Yttrium
Gallium Rhenium Zirconium
Hafnium Rhodium Metal Matrix
Indium Ruthenium Composites
Manganese (high-purity) Scandium and Fibers

In addition, SDI will need high purity forms of cobalt, co-
lumbium. nickel, tantalum, and titanium as alloying materials for
rocket and structural uses. Curiously, the NSC study recommended
large disposals of cobalt, tantalum, and titanium and the complete
disposal of columbium, nickel, and three platinum-group metals—
platinum, palladium, and indium.

A Need for Reorganization?

As the stockpile controversy vividly illustrates. each agency
has, by nature of its charter, legal authorities and responsibilities
for some aspect of strategic minerals policy formulation and anal-
ysis. Moreover, each has access to a certain body of information.
not generally available to the others, that can have an important
bearing on the subject. One could legitimately question whether
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the current system is an efficient way to do business, especially
considering the chronology of tangled acts and agencies. It would
seem that a strong case could be made for streamlining the current
set-up by putting all the personnel now involved in strategic min-
erals analysis under one roof. Several advantages would accrue
from a functional reorganization along such lines, the greatest of
which would allow for speedier analysis and decisionmaking. A
second major advantage would be the subjugation of multiple or
hidden agendas to the pursual of a single agenda—the formulation
and implementation of a coherent and integrated US strategic min-
eral policy designed to advance the goal of the public good. Such
an approach could elevate strategic minerals issues to their rightful
place. This point will be addressed in more detail in the concluding
chapter.
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Private Sector and
Government Perspectives

PREVIOUS CHAPTERS EXAMINED AND ANALYZED THE SERIOUS-
ness of US dependence on foreign supplies of strategic minerals
to weigh the risks involved, some offsets to these ri<'  and the
nature of US policy approaches to the problem. I - ordei 10 provide
a balanced analysis, some of the leuding experts in the strategic
minerals field—both in private industry and within the US Gov-
ernment—were asked for their perspectives on the subject of US
strategic minerals vulnerability. This chapter presents this collec-
tion of essays, representing the viewpoints of the experts as they
see the problem. Essays from the private sector are presented first,
followed by those from the public sector. No attempt was made
to influence the experts’ positions. The goal was to elicit analysis,
concerns, ideas, suggestions, solutions, and policy prescriptions.
The author is indebted to the contributors for their spirit of co-
operation and willingness to participate in this effort. Although
admittedly only a sampling of outside opinions, it is felt that these
views are nonetheless representative of how others may see the
problem of US strategic minerals dependency.
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SEcTtionN I. THE PRIVATE SECTOR

Platinum-Group Metals
and Automotive Industry Demand

Kelly M. Brown, Michael J. Schwarz, and Dewain C. Belote,
Ford Motor Company

Note. The following essay, prepared by the Ford Motor Com-
pany, discusses the potential for worldwide shortages of rhodium,
one of the platinum-group metals. The auto industry accounts for
about 60 percent of all rhodium used. While rhodium’s use in
catalytic converters cannot be considered strategic in and of itself,
it is critical from a domestic economiic standpoint. Moreover, any
significant global supply shortfall could have an impact on its
availability for strategic uses in the chemical, petroleum, ceramics,
and electronics industries. In addition, the National Defense Stock-
pile contains no rhodium in its inventories. Finally, the only major
altemnative supplier outside South Africa is the USSR.

The automotive industry uses platinum-group metals (PGMs)
for catalytic converters that reduce harmful pollutants from motor
vehicles by means of chemical conversion of these pollutants in
the vehicle exhaust. The installation of a catalyst in the vehicle
exhaust system depends primarily on the stringency of the pollutant
standards. For the United States, Canada, and Japan, the current
allowable pollutant levels require catalysts on nearly al! passenger
cars and light trucks. Europe, Brazil, and Australia have pollution
controls standards that require or will require catalysts.

There are basically two types of catalysts used for treating
gasoline-powered vehicles:

—The conventional oxidation catalyst (COC), which contains
platinum (Pt) and palladium (Pd), is effective for catalyzing
the oxidation reactions of hydrocarbons (HC) and carbon
monoxide (CO). The COC is most efficient with leaner
than stoichiometrical fuel calibrations and secondary air
supply.

—The three-way catalyst (TWC), which contains platinum
(Pt) and rhodium (Rh), is effective for catalyzing simul-
taneously both the oxidation reactions of HC and CO and



Private Sector and Government Perspectives 109

the reduction reactions of nitrogen oxides (NO). The TWC
is most efficient with fuel calibrated within a narrow air-
fuel ratio range around stoichiometry.!

With greater worldwide emphasis on control of vehicle ex-
haust pollutants, the anticipated use of catalytic converters using
rhodium may exceed the supply of rthodium. Based on Ford es-
timates of PGM demand for regulated vehicles under three possible
scenarios, a total worldwide demand for model year 1990 is
projected.

US and Canada Demand

The projection of total PGM demand in 1990 for the United
States and Canadian automotive industries is based on Ford’s
estimate of actual 1985 total industry usage and Ford estimates of
PGM needs under various hypothetical future emissions standards.
Only the nitrogen oxide standards were varied in the three regu-
latory scenarios that were analyzed. This was done for simplicity
and because of the critical nature of rhodium—the rarest of the
three PGMs. The scenarios are as follows:

Scenario A represents emissions standards that already have
been adopted by federal and California regulatory bodies. Scen-
arios B and C represent more stringent standards that have ap-
peared in various regulatory or legislative proposals. The
estimated US and Canadian use of platinum, palladium, and rhod-
ium under these scenarios is shown in table 1.

Emissions of Oxides of Nitrogen*

PASSENGER CAR
49 States (less Calif.} California
1985 Base 1.0 0.7
Scenarios:
A 1.0 04
B 0.7 0.4
C 0.4 0.4

*  Grams per mule
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LIGHT-DUTY TRUCK

1985 2.3 1.0

Scenarios: 1.2/1.7%* 4/1.0
A 1.2/1.7 4/1.0
B 0.5/1.7 4/.5
C

** Oxides of nitrogen (NO,) standards are divided into two classes of light-duty trucks (LDT) based on loaded
vehicles weight (LVW )—which is the vehicle curb weight plus 300 Ibs. The first standard (for example. 1.2
gpm) is for LDTs with an LVW of 3,750 pounds or less, and the second standard (for example, 1.7 gpm) is for
LDTs with an LVW of greater than 3,750 pounds.

Table 1. 1985/1990 Estimated Demand
(US and Canada)*

1985 1990 1990 1990
Industry Use  Scenario “A” Scenario “B” Scenario “C”

Platinum 687.0 684.0 749.5 834.2
Palladium 163.7 181.6 182.6 200.5
Rhodium 53.2 126.7 139.5 227.5

* Troy oz. X 1.000

Demand Outside the United States and Canada

Brazil, Australia, Europe and Japan have catalyst-forcing ve-
hicle pollution emission standards. Ford's estimates of PGM usage
required to meet these standards are shown in table 2. The con-
fidence in these estimates is not as high as for the United States
and Canada because the standards in Australia, Brazil, and West
Germany could be met without catalysts or by using a unique,
precious-metal-loading technique if catalysts are used. The best
estimate for 1990 is shown in table 2.
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Table 2. 1990 Estimated Auto Demand

(Outside US and Canada)*

Platinum Palladium Rhodium
Brazil 26.7 8.3 1.0
Australia 25.6 6.5 5.8
Europe 78.8 15.5 12.7
Japan 158.0 35.2 29.4
Total 289.1 65.5 489
* Troy oz. x 1.000

Total Free World Demand

Total Free World Demand (table 3) is the sum of US and
Canada demand (table 1) and demand outside the US and Canada
(table 2). The platinum:rhodium demand ratio in converters is
departing further from the current South African mining ratio of
about 19:1. The 1985 platinum:rhodium demand ratio for the
industry was 10:1, and the projected 1990 demand under scenario
C assumes a continued decline to a ratio of 4:1. With the de-
velopment of the rhodium-rich UG2 reef, which has an estimated
mining ratio of 5:1, the overall mining ratio for existing mines
plus UG2 mines will be reduced.? Thus, the mining ¢i platinum
and rhodium should in time become somewhat more compatible
with demand.

Table 4 lists total PGM demand for 1984 and 1985 along
with the auto demand for the total Western world as reported by
Johnson-Matthey in their “Platinum 1985” and “Platinum 1986”
publications.

Comparing the Ford estimate of total auto industry usage
for 1985 in table 3 to that reported by Johnson-Matthey in table
4, the estimated usage for each metal is less than that reported
by the industry. Some of the difference could be attributable to
inaccuracies in estimating or reporting. In any event, it is likely
that some rhodium is being stockpiled by the industry.
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Table 3. 1985/1990 Estimated Demand
(US, Canada and Rest of World)*

1990 1990 1990

1985 Scenario “A”  Scenario “B”  Scenario “C”
Platinum 845.0 973.1 1038.6 1123.3
Palladium 199.0 247.1 248.1 266.0
Rhodium 82.6 175.6 188.4 276.4

* Troy 0.2 x 1.000: for US and Canada. figures are autos and trucks: for rest of world. figures are autos only.

Table 4. Western World Demand*

Total Demand Auto Demand
1984 1985 1984 1985
Platinum 2,590 2.810 725 875
Palladium 3,100 2.740 340 290
Rhodium 224 250 110 135

* Troy 07 x 1.000

Because the Ford estimate of world rhodium demand for the
automotive industry in 1985 is substantially lower than that re-
ported by Johnson-Matthey (826 versus 135 thousand troy
ounces), it may be prudent to estimate rhodium demand as ranges
under the three 1990 scenarios. The range for each scenario is
bounded on the low side by the Ford projections of automotive
demand from table 3. The upper limit is calculated by applying
the ratio of the estimated demand for each scenario over the 1985
base (from table 3) to the Johnson-Matthey reported 1985 auto-
sector demand of 135,000 troy ounces. In both cases non-auto-
motive demand for rhodium is held constant at 115,000 troy
ounces. Table 5 thus shows the impact of projected increases in
automotive demand on total demand. On the low side, total de-
mand is projected to increase by 16 to 57 percent by 1990 for
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Table 5. Projected Free World Rhodium Demand*

Lower Limit Upper Limit
Auto Estimated Auto Estimated
Scenario Demand  Total Demand**  Demand  Total Demand**

1985 Base 82.6 250 135 250
1990 A 175.6 291 (16%)*** 287 402 (61%)
1990 B 188.4 303 (21%) 308 423 (69%)
1990 C 276.4 391 (57%) 452 567 (127%)

*  Troy oz. x 1,000
** Base total demand = 250,000 troy ounces, consisting of 135.000 automotive and 115.000 non-automotive.
*++ Percent increase over 1985 base demand.

the three scenarios; on the high side, projected increases range
from 61 percent to 127 percent.

Supply of Platinum and Rhodium

The two major South African PGM producers (Rustenberg
and Impala) appear to be working near capacity. Estimates of the
supply of mined platinum and rhodium for 1985 were slightly less
than demand. This deficit was made up from supplies existing in
the marketplace.

Although there have been no signs of expansion of mining
capacity by the major producers, it is felt that they are waiting to
determine actual industrial demand, absent current speculative
trends in the platinum market, before committing to the large
capital cost of expansion.* It is generally estimated that once the
commitment is made, approximately five years will be required
to add any significant mining capacity. On the other hand, a dis-
proportionate increase in rhodium demand might be met partially
by increased mining of the UG2 reef (platinum:rhodium 5.25:1)
compared to the Merensky reef (platinum:rhodium 19.7:1). On
balance, it appears that mining capacity would be inadequate in
1990 under Scenario C of the lower limit projections or any of the
three scenarios of the upper limit projections.
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Future Technology

The automobile industry is striving to develop low pollution
emitting engines so that the use of catalysts can be reduced or
the amount of precious metal used can be reduced. Other devel-
opments such as methanol fuel vehicles would change the type
of catalyst required and alter the amount of precious metals
needed. These technological changes most likely will not occur
prior to 1990. Major uncertainties in availability, pricing, and
the source (South Africa) of rhodium will provide the stimulus
to control engine-emitted pollutants with modified catalysts, striv-
ing to reduce the amount of platinum group metals, including
rhodium.

Conclusion

It appears that without further changes in automobile emis-
sions standards (Scenario A), the demand for rhodium should
increase by 16 to 61 percent. If US standards are tightened to
stringent levels contained in certain proposed legislation (Scen-
ario C), the demand for rhodium could increase by 57 to 127
percent, raising serious doubt as to the ability of mining capacity
to expand sufficiently to meet demand.

With a moderate increase in PGM production and the read-
justment of other demands, platinum and palladium supplies
should be adequate to meet 1990 demand.* In fact, if rhodium
demands of the nature discussed above are to be met, a substantial
oversupply of platinum and palladium would occur, based on
expected mining ratios.

Notes

1. Stoichiometric refers to the air-fuel ratio for complete fuel combustion
(in the case of gasoline, the average ratio is 14:1, i.e., 14 parts of air to | part
of gasoline).

2. The UG2 reef is a deep ore body in South Africa, rich in chromium
and platinum group metals, that is still in the early stages of development because
of its complex mining problems and higher associated costs of production.
Significantly greater PGM output can eventually be expected from this ore
body. in part because it is rich in rhodium.
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3. A third, refatively minor South African producer is Western Platinum.
Another company, Gold Fields of South Africa, is currently evaluating its
reserves and could begin PGM production in the early 1990s, depending on
market conditions.

4. Other industry demands include chemical, electrical, glass, jewelry,
and petroleum.

Kelly M. Brown, a Ford Motor executive engineer, is responsible for fuel
economy, emissions and noise-related regulatory matters involving government
interaction and company planning and represents Ford on various committees
of the Motor Vehicle Manufacturers Association and the Engine Manufacturers
Association.

Michael J. Schwarz is the Manager of the Emission Control Analysis and
Planning Department of Ford Motor Company. His work in the areas of vehicle
emissions and fuel economy has involved certification compliance and regu-
latory planning.

DeWain C. Belote is an Emissions Planning Associate of the Environmenial
and Safety Engineering Staff of Ford Motor Company. Mr. Belote is responsible
for preparing Company statements and responses 1o government agencies and
contractors on emissions matters and for developing forecasts of future emis-
sions regulations.

Toward Strategic Metals Independence in
Jet Engine Manufacturing

Eugene Montany

Note. The following article by Eugene Montany, Vice-Presi-
dent for Technology and Strategic Planning at Pratt & Whitney,
underscores the importance of strategic metals in the production
of jet engines—both military and civilian. In the article, Mr. Mon-
tany stresses the need for better stockpile planning, a stronger R&D
effort in developing substitutes, and the need for the private and
government sectors to work together more closely. The article also
details the internal work that Pratt & Whitney is doing in the areas
of improved manufacturing technologies, conservation recycling,
and materials substitution.

Pratt & Whitney, a division of United Technologies Corpo-
ration, is a leading supplier of jet engines for commercial airlines
and for the military. None of our engines can be manufactured
today without raw materials that are classified as strategic because
of their importance to America’s national security.
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Many complex factors influence the strength of the defense
industrial base and the nation’s ability to gear up military pro-
duction to generate additional surge capacity. One critical factor
is the availability of strategic raw materials. About 13,000 pounds
of metal go into the manufacture of a jet engine such as Pratt &
Whitney's F100, which powers the F-15 and F-16 fighter aircraft.
Among the metals required are chromium, cobalt, columbium,
nickel, tantalum, and titanium. Although the cost of the base raw
materials is only a small percentage of the total cost of building
an engine. modern high-performance engines cannot be built with-
out them. The United States has virtually no primary production
of chromium, cobalt, columbium. tantalum, or manganese and
only minimal production of titanium and platinum-group metals.
All are integral to the manufacture of aerospace equipment. All
must be imported to meet US demand.

The degree of foreign dependency is cause for concern in
and of itself, but it becomes especially alarming when one con-
siders the countries on which we are dependent for the supply.
The Republic of South Africa is our primary supplier for several
of the materigls critical to the industrial base and national security.
including chromium. South Africa, moreover, is the major trans-
shipment point for other minerals mined in southern Africa, such
as the cobalt from Zaire used in aircraft engines. According to a
July 1985 Commerce Department assessment, continued and un-
restricted access to South African mineral supplies is “vital for
the continuing [US] defense buildup and for industrial prepared-
ness in the event of a national security emergency.”

If supplies from South Africa were curtailed. the most prom-
ising alternative supplier would be the Soviet Union—a sobering
reality. Together, South Africa and the Soviet Union account for
more than 90 percent of world platinum-group metals production.
56 percent of world chromium production. and 58 percent of total
manganese production. The concentration of these important re-
sources in the hands of the Soviet Union and South Africa, and
our dependence on South Africa to meet current requirements.
emphasize US vulnerability to a supply disruption. Because a
single nation supplies the United States with such a large amount
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of its needs, it would be inordinately difficult to find a single new
supplier to pick up the slack in the event of a supply disruption.

Although critical and strategic materials are currently exempt
from the South African trade embargo imposed by the United
States, there 1s growing cause for concern regarding the future
supply of these materials. The South African government has
threatened to curtail the supply of minerals in retaliation against
US sanctions. Even if no preemptive decision to cut off supply is
made, there remains the possibility that internal chaos, such as
widespread mining strikes and crumbling of the South African
infrastructure—including the vital rail system—could force de
facto supply disruptions.

If supply were disrupted. the Soviet Union probably would
delight in the opportunity to fill the void, as it did for cobalt in
1978 when Angola invaded Zaire; prices, of course, would soar.
The USS.. -.uwrally could cut us off whenever it wanted to, for
obvicus casons; there is no comfort in being dependent on the
Sovicts for materials vital to our national defense. The United
States” critical materials safety net is supposed to be the National
Defense Stockpile, but the stockpile is alarmingly deficient in
terms of both quantity and quality of reserves for chromium, cobalt
and the platinum-group metals.

Over the years, Pratt & Whitney had advocated a three-
pronged strategy to address US vulnerability resulting from our
minerals dependency. First, domestic production must be encour-
aged whenever economically and environmentally feasible. Sec-
ond, R&D efforts must continue and lead to more substitution,
conservation. recycling. and reduced requirements for critical and
strategic materials. And third. the National Defense Stockpile must
maintain an inventory of materials in adequate quantities, of suf-
ficiently high quality, and in the appropriate form to supply US
needs in the event foreign supplies are curtailed. For its part. the
US Government recognized a long time ago that the United States
was not self-sufficient in all the materials required for our national
defense. The National Defense Stockpile was created to put aside
materials which are not produced in sufficient quantities within
our borders to satisfy our defense production and essential civilian
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needs. The stockpile currently maintains inventories of the ma-
terials we import from South Africa. Unfortunately, US vulnera-
bility to supply disruption is compounded and exacerbated by the
inadequacies of the stockpile. The stockpile suffers from serious
problems in three areas: quantity, quality, and management.

With respect to quantity, the inventory of the stockpile con-
tains only $8.3 billion worth of materials that are being held
against a total stockpile goal value of $16.6 billion. Almost $2
billion of the inventory, however, represents excess materials, i.e.,
quantities in excess of their stockpile goals. To meet the goals
would require acquisition of additional materials valued at ap-
proximately $10 billion. The cobalt inventory, for example. falls
32 million pounds short of the cobalt goal; that represents almost
a 40 percent shortfall. In spite of these shortfalls, the administra-
tion proposed to Congress that the stockpile inventory be shrunk
significantly through an ambitious program of disposals.

The inventory shortfalls are compounded by quality problems.
Many of the stockpiled materials have deteriorated or have been
rendered obsolete by technology or are not in the appropriate form
to be of any use to the defense industrial base in a period of
national emergency. For example, recent American Society of Met-
als reports on stockpiled cobalt and chromium reveal that only 10
percent of the cobalt and none of the chromium is usable for the
highest grade vacuum-processed superalloy use while the balance.
40.8 million pounds purchased from 1947 to 1961, is not. The 7.5
million pounds of stockpiled chromium metal purchased in the
1960s, likewise, is not suitable for today’s vacuum-processed
superalloys.

Furthermore, only two US companies produce pure chro-
mium metal to our specifications, and they have the capacity for
only 50 percent of the total US demand. The balance must be
imported. The 40.8 million pounds of unacceptable cobalt could
be used in less exacting applications, but it would require up-
grading or reprocessing before it could be used in more sophis-
ticated end products such as the hot section of our F100 fighter
engines. There is very limited capacity within the United States
to upgrade the old cobalt stockpile, and. in an emergency, it would
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be time-consuming and risky to ship the material overseas for
upgrading and then back to the United States for use.

The United States needs the National Defense Stockpile to
ensure critical and strategic materials availability. Without a
strong, functioning materials stockpile, the nation’s security would
be jeopardized. In light of the current stockpile deficiencies, Pratt
& Whitney believes reform of national defense stockpile policy is
mandatory.

Stockpile goals and inventories must be balanced. In deter-
mining quantities of materials to stockpile. stockpile managers
must take into account this country’s net import reliance for each
given material. Other important factors such as reliability of supply
or, conversely, vulnerability to supply disruption and availability
of substitutes, for example, also must be considered. Once goals
have been established, those goals should be met, and in a manner
that minimizes market disruption for either producers or users of
the materials.

Stockpile materials should not be stored in a form that re-
quires further processing before they can be used or that does not
meet industry standards. An upgrading program for cobalt cur-
rently in the stockpile is urgently needed. Increased consultations
with industry are necessary to ensure that current and future stock-
pile purchases meet industry specifications, are in the necessary
form, and are of sufficient quality for today’s—and tomorrow’s—
sophisticated applications. Pratt & Whitney is an eager and active
participant in this essential dialogue.

The stockpile acquisition and disposal program needs to be
continued and accelerated if we are to bring stockpile goals and
inventories into balance. The Stockpile Transaction Fund should,
therefore, retain its independent status and continue as a revolving
fund, with proceeds from inventory sales used solely for acqui-
sitions or upgrading, not for balancing the federal budget. The
stockpile should be isolated as much as possible from the political,
economic, and budgetary pressures that have plagued stockpile
management in the past and contributed to the stockpile’s current
deficiencies.
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For our part, Pratt & Whitney has pursued and continues to
pursue a number of internal programs to reduce our own depend-
ence on critical and strategic materials. Our strategy consists es-
sentially of the following components: improved manufacturing
technologies, conservation, recycling, and material substitution.
We also have sought to reduce requirements through repair and
restoration of worn or damaged parts, thereby extending the service
life of our equipment, and through the initiation of new designs
with reduced part count and extended component durability.

Pratt & Whitney, for example, is developing metallic and
ceramic protective coatings that not only are lower in strategic
material content but aiso allow use of new or existing alloys that
are “lean” in strategic elements. We are extending component life
through improved nondestructive evaluation (NDE) and retirement
for cause (RFC) criteria. A study conducted on 21 F100 rotating
parts showed that 3,050 short tons of strategic materials could be
saved over the life of the system through the implementation of
RFC methodology.

Manufacturing technology (ManTech) programs under Air
Force sponsorship also have helped to reduce the input require-
ments in component manufacture. As a result of a ManTech pro-
gram to scale up conventional casting techniques to large cases,
our manufacture of large precision titanium castings reduces input
material more than 50 percent relative to cases fabricated from
forgings. And large precision nickel-base superalloy castings use
50 percent less input material than cases fabricated from forgings.
The Gatorizing® forging process developed by Pratt & Whitney
results in a 50 percent reduction in input material in a typical
F100 disk that, in part, had been produced by conventional ham-
mer- or press-forging, and refinements to the Gatorizing® process
allow a 40 percent reduction in input material for nine F100
components. '

In the area of materials substitution, a good deal of research
and development has focused on the potential for replacing su-
peralloys with ceramics. Pratt & Whitney is using six small ce-
ramiic parts in one of its engines. This application represents the
first time a ceramic part has been used in commercial production.
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We are very proud of the results we have achieved at Pratt
& Whitney. The introduction of new materials and technologies,
however, can take considerable time-—about 5 to 10 years. This
was clearly articulated in a January 1985 Office of Technology
Assessment report entitled “Strategic Materials: Technologies to
Reduce US Import Vulnerability.” Despite our ongoing efforts, for
instance, Pratt & Whitney’s cobalt and chromium consumption is
not projected to begin decreasing until 1989. And it will be a long
time before ceramic parts have widespread commercial use in
turbine engines.

It should be clear that this nation needs the National Defense
Stockpile to ensure critical and strategic minerals availability. At
the same time, we need to strengthen our industrial base by en-
couraging the modernization and expansion of domestic produc-
tion, processing, and conservation of critical and strategic
materials. Finally, industry and government must work together
to focus on strategies which will ensure that adequate supplies of
strategic and critical materials are available to meet national de-
fense and essential civilian requirements.

Notes

1. The Gatorizing® forging process. in general, is a hot-die forging process.
In this process. the alloy to be forged is placed. by particular thermomechanical
processing. in a temporary condition of “superplasticity.” i.e.. low-strength and
high ductility, and torged to the desired configuration under hot isothermal con-
ditions. meaning the dies and forging stock are heated to the same required
torging temperature and maintained at that temperature during forging. Subse-
quent to the forging operation. the alloy is returned to a normal condition of
high strength and hardness by heat treatment.

Eugene R. Montany, Vice President-Technology and Strategic Planning,
Pratt & Whitney, is responsible for analvses and recommendations concerning
strategic short- and long-range business and technology plans.
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Dependence of Alloy Producers on
International Strategic Minerals

Art M. Edwards

Note. The following article by A. M. Edwards, Communi-
cations and Advertising Manager for Haynes International, Inc.,
provides in technical detail the importance of chromium and cobalt
in the manufacturing of high performance superalloys. The author
stresses, in particular, that chromium is vital to the production of
nearly all alloys produced by Haynes, that there are no adequate
substitutes available for chromium, and that Haynes is virtually
100 percent dependent on South Africa for this material. Regarding
cobalt, Mr. Edwards details the long and arduous substitution pro-
gram that has enabled Haynes to reduce but not eliminate the need
for cobalt in superalloys. The criticality of both of these materials
is highlighted by their use in a number of strategic weapons systems
including the F-15 “Eagle” fighter aircraft, jumbo jets, helicopters
used in Vietnam, and the Apollo XIV Lunar Mission.

Cobalit and chromium are both of vital importance in the
production of high-performance alloys at Haynes International.
Cobalt is indispensable as a base metal for a number of alloys.
Cobalt-base, solid-solution-strengthened alloys have intrinsically
better high-temperature strength and hot corrosion resistance than
similar nickel-base alloys. In nickel-base precipitation-strength-
ened alloys, cobalt also reduces the solubility of the “gamma
prime” phase. This enhances its high-temperature strengthening
capability. Practically all of the alloys produced at Haynes rely on
chromium to provide high-temperature strength plus oxidation,
hot corrosion, and aqueous corrosion resistance. Vanadium, man-
ganese, titanium, and platinum are considerably less important.

During the 1960s, Haynes investigated the potential of van-
adium metal as a commercial material. At that time, Union Carbide
Corporation was a parent company and vanadium produced in the
corporation’s mincs in Colorado and California as a uranium by-
product was a glut on the market. A pilot plant operation, in which
vanadium pentoxide was reduced with calcium metal, was oper-
ated for a number of months at Kokomo. After enough metal was
produced to develop a meaningful properties profile, it was de-
termined that the metal had about the same characteristics as
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bronze, an alloy that has served mankind well for over four mil-
lennia. Thus, the project was dropped.

Cobalt and Chromium

The connection between cobalt and Kokomo, Indiana, is the
result of a long series of coincidences dating back to the turn of
the century. In 1904, rich silver ores were discovered in northern
Ontario. Unfortunately, the ores also contained arsenic, nickel, and
cobalt as impurities. The fields remained untapped until 1907 when
M. J. O’Brien, a prominent Canadian railroad entrepreneur,
formed Deloro Mining and Reduction Company. His company
utilized a new refining process developed at Queens University in
Kingston, Ontario, to produce silver and white arsenic. In 1910,
cobalt production was also started. The only drawback was that
there were no significant markets for the metal except some small
use of the oxide as a pigment in ceramics.

In the same year Elwood Haynes, a pioneer American au-
tomobile manufacturer and ardent metallurgist, delivered a paper
at an American Chemical Society conference in San Francisco,
entitled, “*Alloys of Nickel and Cobalt with Chromium.” Haynes’
paper was reviewed in an Australian newspaper. An English news-
paper reprinted the account and this second-hand report was, in
turn, read by a Welsh associate of Thomas Southworth, a Deloro
official. The friend promptly got in touch with Southworth in
Canada who immediately contacted Haynes back in the United
States and the circle was completed. Haynes now had a reliable
source of cobalt for his alloys and Southworth had a market.

In 1912, Haynes founded the Haynes Stellite Company in
Kokomo, Indiana, and started producing cobalt-base alloys at an
ever-increasing tempo. Their major use was for highly efficient
metal-cutting tools, although there was some use also for cutlery
and surgical instruments. A similar enterprise, affiliated with De-
loro, was started in Canada to serve the British Commonwealth.
The two companies were merged in 1980 but separated in 1987.
Since 1912, they have probably produced more cobalt alloys than
the rest of the world combined. Canada remained the main source
of the metal until 1925 when more economical deposits in the
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Belgian Congo (now Zaire) came on stream. Since then, Haynes
has been mainly dependent upon African sources. Today, about
75 percent of the cobalt consumed at Haynes is of African origin.
Canada supplies 20 percent as a by-product of nickel production,
and the remainder comes from Japan, also as a by-product.

As with most other metal companies, Haynes is virtually 100
percent dependent upon South Africa for chromium raw materials.
Turkey and the USSR are potential, albeit uncertain, alternate
sources. The situation is alleviated somewhat by the fact that raw
materials supply less than one-half of the feedstock for high-
performance alloys at Kokomo. Both process and purchased scrap
make up over halt of most furnace charges. The other side of the
coin is that there is no acceptable substitute for chromium in
imparting oxidation and corrosion resistance to high-performance
alloys. Functional alloys can be produced wiih little or no cobalt
but not without chromium.

Interestingly enough, it was an effort to utilize high-temper-
ature alloys without chromium that launched Haynes into the su-
peralloy business. In the late 1930s, the US Air Force (then known
as the US Army Air Corps) funded a program to produce super-
chargers for aircraft engines from Hastelloy alloys A and B. Both
were corrosion-resistant, nickel-base alloys that had been devel-
oped to handle hot hydrochloric acid, a chemical that can eat
through stainless steel in short order. Neither Hastelloy alloy con-
tains chromium, but both have acceptable oxidation resistance up
to 1,400 °F. Alloy A, which contains about 20 percent iron and
15 percent molybdenum, was used for supercharger disks while
the 28 percent molybdenum, 5 percent iron, Alloy B was used for
blading. This combination worked, but ultimately the inherent
superiority of cobalt-base alloys, containing chromium, won out
and advanced blading was produced from cobalt-base alloy 21
(Co-28Cr-5.5 Mo-24 Ni).

Uses of nickel-molybdenum alloys at high temperatures still
survive as evidence of some slight independence from chromium.
They are used principally because of their low coefficients of
thermal expansion. Hastelloy<<R alloy B seals are used in a num-
ber of jet engines including the General Electric J79—one of the
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largest volume military gas turbine engines ever produced. It pow-
ers the McDonnell Douglas F-4 Phantom jet. Alloy B is also used
in another large volume GE military engine, the TF39, as well as
the air-launched cruise missile engines (ALCM), produced by
Williams International. Seven components in the space shuttle
main engine are made of alloy B. Alloy B rocket nozzles were
also used on the Viking Mars landers, but the alloy’s unequaled
high-temperatures applicability was not essential since there is
very little oxygen in the Martian atmosphere. Despite these few
minor exceptions, high-performance alloys for both high-temper-
ature and corrosion-resistant applications would be in a very sorry
state without chromium.

Types of Products Made

Nickel- and cobalt-base. heat- and corrosion-resistant alloys
are produced at Haynes in the forms of sheet, plate, bar, billet,
wire, welding products. and both welded and seamless pipe and
tubing. The company no longer produces castings or hard-facing
products. Some of these latter forms will also be described here
since they, too, depend heavily upon cobalt and chromium for their
major characteristics. The manifold uses of chromium pervade not
only the cobalt alloys but also the enormous universe of nickel
and iron-base (including stainless steel) alloys.

Aside from the previously mentioned Hastelloy alloy B, only
high-nickel alloy 400 (67Ni-31Cu), titanium, and the relatively
expensive refractory metals, such as tantalum and columbium and
their alloys, have a chance of replacing chromium-bearing alloys
for aqueous corrosion service. At one time, Haynes produced a
nickel-silicon-copper alloy, called Hastelloy alloy D, which had
good resistance to boiling sulfuric acid, but its usefulness was
limited since it could be produced only in cast form. It was ul-
timately replaced by tantalum in its major application as sulfuric
acid concentrator tubes.

Aerospace

By far, the largest use of cobalt is in nickel-base alloys for
gas turbine engines. As mentioned previously, cobalt enhances the
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Table 1. Gamma Prime Alloys!
(Contents in percent)

Ni Cr Co Ti Al Mo C Fe Others

Cast alloys

B-1900 Bal 8.0 100 1.0 60 60 0.11 — Ta=423
B = 0.015

713C Bal 135 — 09 60 45 0.14 — Zr=0.10

Wrought alloys®

Waspaloy alloy Bal 19.5 13.5 3.0 1.25 4.250.07 — B = 0.005

Rene 41 alloy Bal 19.0 11.0 3.1 1.5 10.0 0.09 5.0 B = 0.006

Alloy No. 263 Bal 20.0 20.0 2.2 05 5.9 0.06

The symbols used in tables | and 2 are standard “abbreviations™ from the periodic table of the clements. They
represent the following: Ni (nickel); Cr (chromium); Co {cobalt); Ti (titanium); Al (aluminum). Mo
(molybdenum); C (carbon); Fe (iron); Ta (tantalum); B (boron); Zr {zirconium); Cb (columbium); Mn

Mang v W gsteny, and La {iamh

2Hastelloy. Haynes, and Multimet are regi d trademarks of Haynes International. Waspaloy is a trademark of
United Technologies. Rene 41 atloy is a registered trademark of General Electric.

stability of a strengthening feature in alloys called “gamma prime.”
Some typical wrought “gamma prime” alloys, such as Waspaloy
alloy and Rene 41 alloy are listed in table 1. These alloys are
indispensable for engine vanes and blading, disks, seals, casings,
shafts, and virtually all hot-section components. Replacing or
modifying these alloys in the event of a disruption or severe short-
age of cobalt would be possible but with performance penalties.
This could not be done without chromium.

In addition to the use of cobalt in gamma prime alloys, cobalt-
base alloys also play a large role in jet aircraft engines. Some
compositions for typical cobalt-base alloys are given in table 2.
Haynes alloy 188, which contains about 40 percent cobalt, is the
major wrought alloy used.

Alloy 188 combustors gave the Pratt & Whitney F100 engine
a 300 °F temperature advantage over existing hot section alloys.
Since power and speed are directly related to the turbine inlet
temperature, this was a major breakthrough. The F100 is the power
plant for the McDonnell Douglas F-15 “Eagle” fighter aircraft
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which has broken nearly every existing rate-of-climb record. The
PWA F100 is also used on the newer General Dynamics F-16
“Falcon™ single-engine, air-superiority fighter aircraft.

Haynes alloy 188 is also used for combustors for air- and
sea-launched cruise missiles and in a number of auxiliary power
units (APUs). Alloy 188 serves as the combustor material in the
giant General Electric CF6-80 engine that powers many of the
world’s jumbo jets.

A total of 47 separate components of the space shuttle's main
engine are made of Haynes alloy 188. Here the alloy was selected
not only for high-temperature strength but also for its superb re-
sistance to hydrogen embrittlement at cryogenic temperatures.

Other Uses

Although well over three-quarters of the cobalt alloys used
in the United States go into gas turbine engines, there are many
other important uses of cobalt alloys outside of the gas turbine
field. Cobalt alloys have very high reflectivity, especially in the
infrared range. The alloys were used with great success for naval
searchlight reflectors during both world wars. Although their re-
flectivity is slightly inferior to silver, the resistance to tarnishing
is far superior, especially in sea air. Cobalt alloy reflectors soon
outshine their silver counterparts in service afloat. Cobalt alloys
are still used in small quantities for reflectors in sextants, radi-
ometers and other optical instruments.

Cobalt alloys also have an unsurpassed resistance to a phe-
nomenon known as cavitation erosion. Cavitation erosion occurs
on the surface of very high-speed components operating in fluids
such as water, mercury and liquid sodium. The theory is that
cavitation erosion is caused by tiny bubbles collapsing on the metal
surface with great rapidity. One prime example of the problem is
at the condensing end of steam power turbines in electric power
plants. The solution for many years has been to inlay. or braze,
metal sheet of a 58Co-30Cr-4W-1C alloy. known as Haynes alloy
6B on the leading edge of turbine blading. Practically every con-
densing-type turbine in the Western world is so outfitted. High-
speed pumps and air- and hydrofoil surfaces can be protected in
a similar manner.
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During the Vietnam conflict, helicopter main rotors and tail
rotors were also fitted out with alloy 6B erosion shields. The cobalt
alloy protected the metal from the scouring of abrasive propwash
when the copters landed and took off from unpaved strips in remote
areas. Unprotected rotors usually failed in less than 500 hours in
this service, but the cobalt alloy gave many times this life.

An interesting sidelight that illustrates the strategic impor-
tance of alloys occurred in 1966. With a shortage of these erosion
shields imminent in December of that year because of a strike at
the Kokomo plant, President Lyndon Johnson invoked the Taft-
Hartley Act to order management and workers back on the job to
assure a continuing supply of these and other alloy helicopter
components. Historically, this is the only instance where action
of this nature was taken by a chief executive.

Cobalt alloys also have a small but important spot in the
medical field. Cobalt alloys do not cause clotting in blood as readily
as other stainless alloys. Alloy wire and bar are used in heart
valves and many prosthetic devices for this reason and for dura-
bility, strength, and compatibility with human tissue.

Unusually severe tests were carried out to select the biological
container for plutonium-238 fuel used in radioisotope-fuel capsules
for space instruments. Because of its very long half-life, pluton-
ium-238 can supply a virtually unending supply of heat energy.
However, its toxicity is an enormous threat. In selective testing
for containment reliability, Haynes alloy 25 capsules were heated
to 1,050 °F, accelerated on a rocket sled, and slammed against
granite slabs. Even after exploding the grapefruit-sized capsules
in TNT, they would not rupture or leak. Capsules such as this
were part of a number of scientific and navigational packages in
space. One is now on the moon as part of the Advanced Lunar
Scientific Experiments Package (ALSEP), left behind by the as-
tronauts of Apollo XIV—a lasting tribute to the uniquely enduring
properties of cobalt-base alloys.

Substitution Efforts

Hastelloy alloy X, which has become Haynes International’s
most successful superalloy, was the product of a cobalt substitution
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program. In the early 1950s, the nation was faced with critical
shortages of a number of metals. Each of these, including cobalt,
chromium, tungsten and columbium was assigned a “strategic
index number.” Multimet alloy and Hastelloy alloy C, the major
wrought high-temperature alloys of their day, had very high stra-
tegic indices. Company engineers worked diligently to develop an
alloy that would satisfy the engine builders without the use of
scarce metals. The result was Hastelloy alloy X, a Ni-22Cr-19Fe-
9Mo alloy which has been a major product at Haynes ever since.

By coincidence, several months after the development of alloy
X, a leading candidate alloy being tested for combustors at the
Pratt & Whitney laboratories in Middleton, Connecticut failed.
Alloy X was tested in its place and was ultimately selected for
use in the JT3D engine for the eminently successful Boeing 707
jet. The rest is history. Today, virtually every gas turbine engine
in the Western world has combustion zone components made of
alloy X, if not its successor—Haynes alloy 188—or, more recently,
Haynes alloy 230.

The metal supply situation was more relaxed when alloy 188
was developed in the late 1960s. The main objective was to com-
bine or surpass the best properties of the two leading cobalt- and
nickel-base sheet alloys. The new alloy was to have equal or better
oxidation resistance than alloy X and better strength qualities than
alloy 25. In addition, the new alloy was to show better post-aging
ductility than either alloy. The result was a cobalt-base alloy (Co-
22Cr-22Ni-14W-02La). Alloy 188 has taken its place in the more
critical service environments while alloy X still remains the work-
horse material of the industry.

Metallurgists were thinking more about the effects of an
insurrection in Zaire when the most recent combustor alloy was
developed in the early 1980s. This is Haynes alloy 230 (Ni- 22Cr-
14W-2Mo-.02La), which has no intentionally added cobalt and
relies more on tungsten than molybdenum for its outstanding high-
temperature strength. Alloy 230 possesses the best combination
of strength, fabricability, oxidation resistance, and thermal sta-
bility of the three materials. It is under serious consideration for
use in advanced turbine engine designs by many engine
manufacturers.
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Necessity is indeed the mother of invention. The same forces
that drove the development program that produced alloy 230 also
gave rise to efforts directed at reducing cobalt in “gamma prime”
alloys. One that was investigated was Haynes alloy 263, originally
developed by Rolls Royce, Ltd. as a sheet metal combustor alloy.
The alloy’s original composition called for 20 percent cobalt, but
tests showed that it could be made with half of that amount with
little degradation in properties. This, in effect, would double the
amount of cobalt available for that alloy. Similar programs were
carried out with the cobalt-base, wear-resistant alloys, eliciting
the consensus that effective, wear-resistant alloys can be produced
with less cobalt.

Chromium, however, still remains a substantial challenge.
Nickel aluminides and silicides are being evaluated, as are other
material systems, but the prospects for viable commercial materials
of note are not very good in the short run.

Manganese

In steel production, manganese is used mainly as a refining
agent because of its great affinity for sulfur, a harmful impurity.
Less than 15 tons of manganese are used annually at Haynes.
Advanced melting and refining practices, such as argon-oxygen-
decarburization and electroslag remelting, have reduced the need
for manganese in alloy making.

Vanadium

Vanadium was once used extensively as a grain refiner in the
production of high performance alloy castings, mainly the cor-
rosion-resistant Ni-Cr-Mo alloys. When Haynes terminated the
primary foundry casting business in 1974, the need for vanadium
was virtually eliminated. However, it was found that small amounts
of vanadium had a positive effect upon aqueous corrosion resist-
ance. The metal was retained, in amounts less than 0.35 percent,
in alloys such as Hastelloy alloy C-22 and Hastelloy alloy C-276.
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Titanium

Haynes has limited production of titanium mill products in
the alloy Ti-3A1-2.5V (containing 2.5 percent vanadium, which
significantly increases strength). Two percent is the solubility limit
for vanadium in titanium. The remaining one-half percent pro-
motes the formation of a second phase that increases the alloy’s
usefulness by making it amenable to heat-treatment. Ti-3A1-2.5V
has an unexcelled strength-to-weight ratio and is widely used for
hydraulic tubing in both airframes and aircraft engines. A shortage
in the supply of vanadium would be an inconvenience, but inferipr
materials could probably be used as substitutes at some expense
in aircraft efficiency. Since the major-tonnage titanium alloy in
the United States has twice the alloy content, shortages of Ti-3A1-
2.5V alloy would be relatively insignificant by comparison.

Platinum

Platinum has very limited use in high performance alloys.
Several decades ago a slight decrease in the corrosion resistance
of high performance nickel-base alloys was attributed to the in-
creased efficiency of producers in extracting this and other plat-
inum group metals from nickel ores, but this was only conjecture.
If platinum, manganese, and vanadium all were to disappear from
the periodic table, as well as South Africa, human ingenuity being
what it is—there would still be high-performance alloys.

Recycling

Recycling is an economic necessity and has long been a way
of life in the production of high-performance alloys. Typically.
half of every new heat of alloy melted at Kokomo consists of
process scrap. Great care is taken to collect and segregate by
alloy-grade, shearings, croppings. grindings. and swarf. Even slag
from melt furnaces is milled to recover metallic values. Until
recently, melt-shop smoke was collected in bag filters and recycled.
But today’s low metal prices make this uneconomical, and smoke
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solids are now used for landfill. Should metal prices rise sigmf-
icantly, smoke solids probably will be treated and go back into the
electric furnace.

About 15 percent of each furnace charge at Haynes consists
of purchased scrap. A concerted effort is made to obtain and use
as much purchased scrap as possible. There are six highly qualified
scrap dealers in the United States who deal primarily in Haynes
alloys 188, 25, 718, R-41 and Waspaloy alloy. Haynes buys from
these firms, usually in 20-thousand pounds lots to a guaranteed
chemistry. Tungsten carbide tool inserts are purchased for tungsten
values and pure molybdenum metal scrap is also sought.

Summary

1. With regard to South African materials, cobalt is very important to
Haynes International, Inc., chromium is vital.

2. Steps must be taken to either stockpile adequate backlogs of chromium
or to locate Western Hemisphere supplies.

3. For the present, commercial considerations must override strategic ones
in the procurement of raw materials. Raw materials are the most important cost
factor in the production of high performance alloys. Haynes International must
remain competitive or perish.

4. A continuing search must be made for viable low-cobalt and low-chro-
mium alloys.

5. Haynes feels that its recycling efforts are sufficient. Economics will
govern the extent of recycling.

Art M. Edwards went 1 work for Union Carbide in 1948. Most of his career
has been with Haynes Stellite Company, which was a Division of Union Carbide
until 1970 when it became a part of Cabot Corporation, now an independent
corporation, Haynes International, Inc. This is Mr. Edward’s 40th year working
with and writing about alloys.

South Africa’s Minerals:
How Big a Threat?

Hans H. Landsberg and Kent A. Price

Note. The following article by Hans H. Landsberg and Kent
A. Price of Resources for the Future examines the risks to the
United States of a cutoff in the supply of strategic minerals from
South Africa. They conclude that although sanctions or embargoes
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could temporarily disrupt supplies, a complete cessation would be
economically unaffordable to any regime in power in South Africa.
Similarly, they conclude that the USSR does not have the economic
or political wherewithal to preempt US access to South Africa’s
minerals. Although published in the summer of 1986, the authors’
conclusions are still valid today.

In the article, Landsberg and Price also provide a thumbnail
sketch of the advent of advanced materials and their potential to
replacc many of today’s traditional strategic materials.

This article was first published in Resources, Summer 1986.

Riots, bombings, killings, military excursions beyond na-
tional frontiers, sharpened political factionalism, economic dis-
tress: the news from South Africa signals at least a new stage in
that country’s unhappy recent history and perhaps even an inex-
orable slide into bloody anarchy.

Rightly or wrongly, many of the most outspoken opponents
of the white minority government of South Africa identify the
United States as a key prop of the regime. Were the government
to fall, and most observers think that wouid occur only after the
most violent confrontations, the United States might well be the
target of considerable resentment on the part of its successors.
whatever their political orientation. What would this mean for what
some consider the central US interest in maintaining effective
relations with South Africa—the minerals trade?

Nature seems to have taken perverse delight in locating com-
mercially and militarily essential minerals in places where their
development and export fall far short of certain. Just as the vast
majority of the world’s known reserves of oil are in the perennially
volatile Middle East, so nature has endowed southern Africa in
general and South Africa in particular with rich deposits of nonfuel
minerals. Of special interest in the what-if-South-Africa-falls
question are four metallic minerals that are critical to one or another
military application—manganese, chromium, cobalt, and the plat-
inum group.

The United States depends overwhelmingly on imports for
these four minerals. Imports account for nearly 100 percent of US
consumption of manganese, and the import-dependence figures
for chromium, cobalt, and the platinum group hover around the
90 percent mark. Although other sources for these minerals exist,
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some offer no political-strategic adva.:*age—the Soviet Union, for
example, exports both chromium and manganese—while others
cannot match the cost and price structure made possible by the
extensive deposits in southern Africa. Whatever the reason, the
United States depends heavily on South Africa and its neighbors
for these important minerals. And whatever one’s views regarding
the government of South Africa, it would seem that the incendiary
situation there bodes ill for uninterrupted supply to the United
States of materials critical to its national security.

But appearances may well be deceiving. What, after all, are
the supposed threats to US interests from a movement toward black
majority government in South Africa? Two plausible answers come
to mind, one long-term and the other of more immediate
consequence.

It is difficult to envision a scenario for South African rule
that does not include substantial black participation and perhaps
dominant political control. If and when a black government takes
over, would it not be inclined to impose a minerals embargo on
the United States to punish it for perceived support of the white
regime? Or, short of a full black takeover, are not South Africa’s
waters so roiled as to make for easy fishing by the Soviet Union,
either to control South African minerals or to deny them to the
West? We think the answers to both questions are mostly negative.

Sanctions Ineffective

Examples of boycotts and embargoes intended to pressure
foreign governments are easy to find. For many years, imports of
chromium from Rhodesia (now Zimbabwe) were proscribed under
United Nations sanctions in retaliation for that country’s unilateral
declaration of independence from the United Kingdom and for its
racial policies. In 1973 the Arab oil-exporting countries embargoed
exports to the Netherlands and the United States to protest the
Middle East policies of these two countries and, in particular, US
support for Israel. The United States itself for a long time pro-
hibited trade in minerals and other commodities with mainland
China and still imposes such sanctions on trade with Cuba.
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But examples of successful national economic actions are
rare, at least when imposed for political reasons. The Ian Smith
regime in Rhodesia eventually gave way to black rule, but the UN
sanctions had little or no effect on the outcome. The Netherlands
and the United States obtained oil through third parties, thus ne-
gating the Arab oil embargo. And US trade sanctions applied to
China and Cuba, although annoying, have not done much to dam-
age their economies or to sway them from communism. Indeed,
a case can be made that the resumption of US trade with China
has done far more than the prohibition of trade to change its
political and economic course.

In addition, the long-run costs of embargoes often are high
for the imposing countries. Shortly after World War 11, for ex-
ample, the Soviet Union embargoed manganese shipments to the
United States and other Western countries. This created consid-
erable concern, because the Soviet Union was a major world sup-
plier of manganese. The result, however. was not the intended
change in US policies but rather the development of new man-
ganese mines in India and elsewhere and the loss of Soviet world
markets. Similarly, US embargoes of grain shipments to the USSR
in 1980 merely shifted Soviet purchases to alternative suppliers
and hurt US farmers.

Despite this poor record, embargoes continue to be attractive
because they provide a visible means of expressing disapproval.
When the use of stronger measures is ruled out, they give the
appearance of bold action, whether or not they actually inflict any
hardship on the offending country. So, for appearances, govern-
ments are likely to continue to impose embargoes from time to
time and, in the process, disrupt the flow of mineral commodities
in world trade. But the key word is disrupt not stop. Regardless
of where they fall within the political spectrum, countries typically
do not choose to forgo for extended periods the foreign exchange
earned by an important mineral.

“Resource War”

Some hard-line cold warriors believe they see evidence of a
“rcsource war” with the Soviet Union that threatens the security
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of mineral supplies from abroad, and particularly from southern
Africa. In its most pointed version this supposed conflict is seen
as part of a comprehensive plan to deny the West access to the
mineral wealth of southern Africa, thereby complementing a Soviet
desire to control the oil resources of the Middle East, in which
the invasion of Afghanistan was a preliminary step. This jittery
view of geopolitics is reinforced by highly visible acts, such as
the unfurling of the Soviet flag at funerals of black militants killed
in South Africa.

What is not clear in these speculations is how the Soviet
Union could pursue a resource war (even assuming it actually
wanted to, the evidence on that point being hardly convincing).
Clearly the country does not have the foreign exchange to outbid
Western consumers for mineral supplies from southern Africa. Nor
does it seem likely that the Soviet Union is prepared to commit
large numbers of its ground forces to the region, given the logistical
difficulties and the likely political repercussions. If it were pre-
pared to confront the West so openly, it would find the Middle
East an easier and more attractive target.

This leaves the possibility that the Soviet Union would exploit
political and tribal conflicts and support indigenous opposition to
South Africa. But while such a strategy can be pursued with much
less risk and cost and might extend Soviet influence in the area,
it is unlikelv to lead to actual control. With fresh memories of the
past, neiiaer a new South Africa nor the other nations of Africa
will meekly surrender their hard-won independence to a new for-
eign power. Moreover, their own national interests, not those of
the Soviet Union or world socialism. are likely to receive highest
priority. Indeed, Soviet pressures to embargo mineral exports to
the West probably would backfire. for such exports correctly are
perceived as a vital source of foreign exchange and economic
development. When new African Marxist governments have come
to power—even with the help of the Soviet Union, as in Angola,
Guinea. Mozambique. and Zimbabwe—they have tried to en-
courage, not cut. their mineral exports to the West and have
strengthened other economic ties as well.

For these reasons, the resource war thesis appears implau-
sible. Imports of manganese, cobalt, chromium, platinum, and
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other mineral commodities from southern Africa from time to time
may be interrupted. The region still is going through a turbulent
transition as it sheds its colonial past and adopts biack majority
rule. And the odds on wars, embargoes, rebellions, and even cartel
attempts are far from trivial as newly independent states grapple
with internal difficulties and hostile neighbors. But to attribute
the insecurity of mineral supplies from this region to Soviet pol-
icies in pursuing a resource war misses the fundamental causes
of this insecurity. Indeed, the notion already has lost much of its
visibility and appeal.

New Frontier

Perhaps ironically, some years hence we may wonder why all
the fuss was made about the security of conventional minerals.
Visible on the horizon are what have been labeled advanced ma-
terials. The list is long and promising—materials derived from
hydrocarbons, grossly called the petrochemicals; the graphites,
more specifically graphite fibers that are hydrocarbon-associated,
both in their natural and synthetic forms; materials of nonfuel
mineral origin, like germanium, silicon, zirconium, and gallium,
used either alone or in a vast variety of mixtures, including ceramic
powders: and the so-called composites that draw on two or more
of the new materials plus one or more of the conventional ones.
And there is the use of new ingredients in old-line metals. For
example, a new aluminum-lithium alloy, soon to be available com-
mercially, is likely to become a significant structural metal, es-
pecially in the aircraft industry. The diversity of potential uses for
the new materials is enormous. This is especially true of new
applications in telecommunications, in transportation (both con-
ventional and novel, such as in aerospace), in power generation,
and in the electronics field generally.

Moreover, it is all but certain that the developing countries
will not relive the materials history of Western Europe, the United
States, or Japan. They will not go through a steel, copper, lead,
and zinc stage but rather will employ the newer materials, above
all the hydrocarbon-based ones, like plastics, even in uses that
traditionally have employed the major metals. Indeed, many of
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them even may skip building the once-conventional basic infra-
structure of railroads, ocean-going passenger and freight ships and
tankers, large commercial buildings, bridges, and perhaps much
heavy industrial machinery. No one can foretell the shape of the
future, but it seems safe to predict that it will resemble the past
only faintly.

But the advanced materials face a great many hurdles, and
progress toward common use may not be swift. High cost is only
the first of a host of important questions about the length of the
commercialization process, the location and magnitude of eventual
effects, and, by indirection, the consequences for conventional
materials. The new materials frontier will not be crossed next
month or next year.

In short, those who worry about the possible loss of critical
and strategic minerals from South Africa and perhaps its black-
ruled neighbors are not preoccupied with yesterday’s problems or
with needs soon to be obsolete. We may stand at the edge of a
new age of materials, but for now the needs are real and Americans
ignore the tinderbox in South Africa only at some economic as
well as political peril. Our point is not that the minerals in question
are unimportant or that cutoffs in supplies are impossible. Rather,
we believe that South Africa’s exports of minerals to the United
States are not so precarious as to be the dominant factor in US
relations with that country. Leaders in the United States should
act in what they perceive to be the best interests of this country
and of the people of South Africa. This is difficult enough without
a misleading image of US dependence on South African minerals.

Interestingly, our view in effect is supported by the Reagan
administration’s July 1985 proposal to revise the US strategic
materials stockpile. Simplified, the proposal would delete platinum
from the stockpile, cut the cobalt and chromium goals by at least
75 percent, and reduce manganese to half its current goal. Whether
intended or not, this proposal yet to be acted upon by Congress
surely implies a relaxed attitude toward future dependence on
South Africa’s minerals—an implication to be taken all the more
seriously as it comes from an administration that hardly can be
charged with inattention to national security.
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SecTioN II. THE PUBLIC SECTOR

Why We Need a Strong National
Defense Stockpile

Charles E. Bennett

Note. In the following article, Congressman Charles E. Ben-
nett, Chairman of the Subcommittee on Seapower and Strategic
and Critical Materials of the House Committee on Armed Services,
stresses the need for a strong National Defense Stockpile. Con-
gressman Bennett makes an analogy between the stockpile and an
insurance policy against risks to the nation’s security. According
to the Congressman, the National Defense Stockpile is, in effect.
an inexpensive guarantee against unforeseen disruptions in US
supplies of strategic minerals, especially during time of war. The
Congressman also stresses the need to keep the stockpile apolitical.
as well as the need to make it dynamic—modernizing it and
strengthening it as the country’s military needs change.

In 1986 the United States imported raw and processed ma-
terials valued at $39 billion ($35 billion of which was in processed
form) from foreign sources. Since the late 1950s the United States
has become increasingly dependent on foreign sources for its sup-
plies of minerals and energy. By 1980 US dependence on raw
materials had increased to 25 percent of consumption, and we
were more than 50 percent dependent on foreign sources tor some
25 strategic and critical materials. Currently we are heavily import-
dependent for such materials as bauxite and alumina (97 percent).
cobalt (92 percent), columbium (100 percent), industrial diamonds
(92 percent), manganese (100 percent). nickel (78 percent). plat-
inum-group metals (98 percent). tantalum (91 percent), etc.
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The strategic and critical materials are essential to the pro-
duction of Army, Navy and Air Force armaments; aerospace equip-
ment and jet engines; radio and electronic equipment. and medical
equipment. In addition, these materials are necessary for the pro-
duction of steel, including special purpose alloys, specialty steels,
and stainless steel; petroleum refining equipment; oil and gas
pipelines; cutting tools; rock drilling bits; etc.

George Santayana, in the Life of Reason, said, “Those who
can not remember the past are condemned to repeat it.” I'm afraid
that we often ignore the lessons of history with respect to the
National Defense Stockpile. It can be said with certainty that
national leaders such as Truman and Eisenhower, who witnessed
firsthand the enormous difficulties that were caused by not having
sufficient strategic and critical materials stockpiled and on hand
at the beginning of World War Il and Korean war, were advocates
for a strong national defense stockpile.

Policy-makers today should study the serious and costly
bottlenecks that occurred in these previous conflicts and be re-
minded that the vast bulk of our military equipment and munitions
were produced after the conflict began.

At the end of World War II the United States possessed
unquestioned air superiority, naval superiority, and nuclear supe-
riority. Our sources of mineral supply in Africa were under the
control of our allies—Britain, France, Belgium, Spain, and Por-
tugal. In addition. most of the industries in Latin America were
run primarily by American companies.

All of this has changed. In addition, events in South Africa
remind us that the United States is heavily dependent on that nation
for our supplies of chromium, platinum. manganese, and vana-
dium which are essential to our steel. aerospace, and electronics
industries.

What follows is an attempt to provide a brief history and
purpose of the stockpile, to demonstrate that the stockpile is a
cost-effective insurance policv in the event of a national emer-
gency. to review the current status of the National Defense Stock-
pile. and to propose some suggestions and recommendations as
to how the stockpile can be restructured and strengthened within
the context of current national budget priorities and constraints.
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History and Purpose of the Stockpile

Since the enactment of the Strategic and Critical Materials
Stock Piling Act of 7 June 1939, the policy of the US Government
has been to maintain a strong national defense stockpile. This
policy has enjoyed the bipartisan support of the Congress. The
purpose of the stockpile is to provide materials to supply the
military, industrial and essential civilian needs for national defense
purposes and to preclude a dangerous and costly dependence by
the United States on foreign sources for supplies of such materials
in times of national emergency.

Current National Defense Stockpile policy originated out of
the experiences of World War I, World War II, and the Korean
conflict. For example, in World War I, materials prices escalated
dramatically, and the US industrial base was unable to mobilize
quickly to provide the supplies and equipment needed to equip
the American Expeditionary Forces. Notwithstanding the tremen-
dous outlay of funds, the United States fought World War I, in
large part, with guns, munitions, airplanes, and other materiel
borrowed or purchased from France and Great Britain. Between
World War I and World War II, numerous studies and recom-
mendations called for the stockpiling of strategic materials to pre-
vent the mistakes that occurred during World War 1. However, the
United States entered World War Il without an adequate stockpile
of strategic materials and thereby lost the advantage of bringing
the nation’s superior industrial capability fully to bear at the outset
of hostilities. This failure to prepare in advance required dramatic
decisions: to allocate the limited supplies available, to restrict
civilian consumption, to require the use of substitutes, to make
technological changes in manufacturing processes, to expend vast
sums to develop low-grade domestic sources of supply and, above
all, to use shipping badly needed for military purposes. Warnings
of these consequences were sounded prior to the war but to no
avail.

At the close of World War II, the Stock Piling Act of 1946
was enacted to ensure that an adequate National Defense Stockpile
would be available for any future emergency. However, the United
States entered the Korean conflict with a woefully inadequate
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stockpile. As a result, the frantic effort to acquire strategic ma-
terials completely disrupted world mineral prices. As an example,
between May 1950 and January 1951, in a period of little more
than six months, the price of tin increased 135 percent, antimony
71 percent, lead and zinc 45 percent, and crude rubber 157 percent.
Similarly, substantial increases in prices occurred in copper, tung-
sten and numerous other vital materials, which increased the cost
of the stockpiling and rearmament programs.

As a result of these experiences, the National Defense Stock-
pile became an integral part of US national security policy. How-
ever, since the early 1950s, stockpile policy and goals have
fluctuated dramatically as a result of changes in policy-makers’
stated perceptions about the strategic threat to the national security
such as the location, duration, and intensity of the wartime scen-
ario. Presidents Truman and Eisenhower were strong stockpile
supporters because of their experiences during World War 11 and
Korea, and stockpile goals were initially based on supporting a
five-year national emergency similar to World War II. However,
as war memories dimmed in the early 1960s, President Kennedy
expressed the view that the stockpiles were too large, and goals
were reduced. Large amounts of strategic and critical materials
were classified as surplus to requirements.

During the Johnson administration large quantities of copper,
aluminum, nickel, etc., were sold to hold down material prices
which began to rise due to the demand created by the Vietnam
war.

On 16 April 1973, President Nixon dramatically reduced
stockpile goals by concluding that the stockpile was only necessary
to provide for a one-year emergency period on the basis that (1)
the world was more peaceful than during the preceding years of
the stockpile, (2) improved technology would make it easier to
find substitutes for scarce materials, and (3) if a war did occur
and last Jonger than one year, the one-year period would be suf-
ficient time in which to mobilize and sustain the nation’s defensive
effort for as long as necessary. Furthermore, it was argued that
any conflict would be a nuclear war, swift and decisive, and any
protracted conventional conflict of relevant severity was unlikely.
As a result, billions in stockpile sales ($21 billion in FY 74 alone)
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were used by the Nixon administration to reduce budget deficits
and to hold down materials prices as an anti-inflation device.
However, on 5 March 1975, the Subcommittee on Seapower and
Strategic and Critical Matenials of the House Committee on Sea-
power and Strategic and Critical Materials of the House Committee
on Armed Services rejected President Nixon’s one-year objective
and approved the requirement for a three-year stockpile objective.

Both the Ford and Carter administrations approved stockpile
goals based on a three-year national emergency following their
own exhaustive stockpile policy reviews. In an attempt to promote
some stability to the stockpile program, the Congress passed the
Strategic and Critical Materials Stock Piling Act of 1979 (PL 96-
41) which established the National Defense Stockpile Transaction
Fund. This fund was established to receive receipts from the sale
of excess or obsolete stockpile materials which were to be used
to purchase more critically needed materials. In addition, the Con-
gress made it clear that “the purpose of the stockpile is to serve
the interest of national defense only and is not to be used for
economic or budgetary purposes.” Upon assuming office, Presi-
dent Reagan instituted the first significant stockpile purchases in
more than 20 years with the acquisition of cobalt and bauxite,
followed by purchases of beryllium, iridium, nickel, palladium,
quinidine, rubber, tantalum, titanium and vanadium, totaling over
$367 million. Later, in his 5 April 1982 Report to the Congress,
he reaffirmed his policy of reliance on the stockpile to meet mil-
itary, industrial, and essential civilian needs in support of the
national defense in time of national emergency.

This policy was short lived, however, when Budget Director
David Stockman concluded in 1983 that stockpile goals could be
reduced by $10 to $13 billion. This pronouncement led to a further
National Security Council stockpile review.

National Security Insurance

Former President Eisenhower stated in 1963, “The Nation's
investment in these stockpiles is comparable to the investment
made in any insurance policy. If an emergency does not arise,
there are always those who can consider the investment a waste.
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If, however, the investment had not been made and the emergency
did arise, these same persons would bemoan, and properly so, the
lack of foresight on the part of those charged with security of the
United States. I firmly rejected the policy of too-little, too-late
stockpiling.”

Why do we need an insurance policy? Because there are
significant risks to our national security that are beyond our ability
to control or beyond our ability to forecast with any degree of
certainty.

What are these risks?

1.

Not having sufficient material on hand to support the im-
mediate industrial surge requirements to produce the
weapons of war or the infrastructure necessary for their
production.

. The strong possibility that the United States will be unable

to secure adequate supplies from foreign sources for those
materials that cannot be produced in sufficient quantities
in the United States.

. The possibility that domestic production may not be able

to provide the necessary quantities of materials or to pro-
duce them in a timely manner.

. US naval warships will have to be diverted to protect

commercial shipping bringing raw materials from abroad.
Consequently. naval assets may not be effectively deploved
for critical combat operations.

. The necessity to expend large federal outlays to encourage

domestic materials production, to replace naval and com-
mercial shipping losses to enemy action, and for the pur-
chase of strategic and critical materials at sharply higher
wartime prices.

. The danger of diverting scarce equipment, materials, en-

ergy. transportation, and manpower from direct war pro-
duction to produce strategic and critical materials in short
supply.

The possible delays in obtaining materials from domestic
or foreign sources.
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8. And, most importantly, the danger of not having materials
immediately on hand to equip our fighting men and women
with the necessary quantities of war material to bring the
war to a speedy conclusion. This last point is crucial since
it could mean the unnecessary loss of additional lives
should the war effort be delayed for lack of adequate
materials.

Individuals purchase health insurance to protect themselves
or their families from catastrophic illness which could financially
ruin them. The National Defense Stockpile is an insurance policy
that can provide significant national security protection at a smail
premium. The current stockpile was accumulated over many years
yet its value represents less than 3 percent of the annual defense
budget of approximately $300 billion. A stockpile of $10 billion
of strategic and critical materials could be converted into finished
goods representing $40 to $100 billion in needed war materials.
The nation should not risk an inadequate stockpile because the
risks and uncertainties involved are too great. Finally, the pre-
miums for this insurance policy are invested in strategic and crit-
ical materials, which are assets owned by the government which
do not deteriorate but generally rise in price over the long run. It
is, I believe, a wise investment which provides a significant na-
tional security benefit.

Adequate Stockpile to Support a National Emergency

There can be no argument about the need for large quantities
of stockpile materials in the event of a conventional conflict be-
tween the United States and the Soviet Union. However, there were
those in the Reagan administration who argued strongly that we
must continue to support the massive conventional military
buildup, but at the same time recommended that most of the
stockpile materials be sold because a conventional war was un-
likely since it would rapidly escalate to nuclear war. The admin-
istration cannot have it both ways. We are either overspending for
conventional defense or ignoring the importance of the stockpile
to our national security.
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1 believe we should continue to provide funds for the buildup
of our conventional forces while at the same time giving greater
attention to improving and strengthening the National Defense
Stockpile. If war does occur, it will probably be a conventional
war, and if we are not able to win it, we’ll probably be forced to
escalate to a nuclear war. What a dull and dangerous plan! Par-
ticularly when we could plan to win it conventionally.

The greatest challenge our country has today is not the terrible
deficit we have, it is not arms control; it is the need for the decision
of the United States and our allies to be prepared to win a con-
ventional war wherever it may occur, or at least prevent any de-
cision to use nuclear weapons or delay such a decision for some
appreciable length of time until negotiations can lead to a cessation
of hostilities. That is the biggest mistake humanity is making in
1987, not being prepared to win a conventional war. Because by
going straight for nuclear war, with there being no way to win a
nuclear war, we would be planning for a disaster for all mankind.

The stockpile is an important component for any preparation
for a conventional war emergency. Consequently, the basic question
facing the Congress and the administration is the appropriate size
of the stockpile. However, the determination of realistic national
emergency requirements for strategic and critical materials is
fraught with difficulties since the United States must be prepared
to respond to a range of conflict scenarios and contingencies.
According to the President’s Materials Policy Commission in 1951,

Defining the specific requirements for wartime materials would re-
quire a comprehensive study of alternate strategic plans including
such factors as the geography and logistical difficulties of war wher-
ever, whenever, and by whatever method it might be fought. These
factors could be more easily estimated by an aggressor since the
act of aggression itself determines the timing and location of attacks.
For the free nations whose efforts are directed toward averting
aggression, forecasting the variable particulars of war demand pre-
sents great difficulty.

If the United States is to win another war, the ability of the
American defense industry to surge production of combat con-
sumables is absolutely essential. The magnitude of the require-
ments for a conventional war is staggering. During World War 11,
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the US defense industrial base produced 310.000 aircraft. 88.000
tanks, 10 battleships, 358 destroyers, 211 submarines. 27 aircraft
carriers, 411,000 artillery tubes and howitzers, 12,500,000 rifles
and carbines, and approximately 900,000 trucks and motorized
weapons carriers. From 1944 to 1945 more than 40 percent of the
total US output went for war purposes.

Discussing wartime demand and potential materials supply
during any future war, the President’s Materials Policy Commis-
sion observed,

Once conversion to militarv and essential civilian production was
accomplished, the “normal” wartime demand would have to be
expected to continue for a considerable time. The last two wars
lasted 4 years or more. It is conceivable that revolutionary weapons
might shorten a war. but it would be unwise to gamble on that. The
prudent theory, in terms of historical perspective, would be that war
would continue with increasing violence for a number of years, and
that the demand for materials would continue high and perhaps even
rise as industrial capacity moved upward.

The main problem of supply is that the United States’ own resources
base would not be adequate. The fact that our allies would be
increasing their demands at the same time would limit the supplies
from outside the country on which the United States might draw.
Moreover. domestic facilities might be bombed. Free countries
which supplied key materials might be subverted or invaded. or
enemy action might damage facilities or sink cargoes.

The above discussion illustrates that it is unlikely that anyone
can safely predict what the nation’s requirements for materials
might be for some future national emergency. Therefore, it could
be dangcrous to rely on any estimate which does not provide some
safety factor or margin for error and is not geared to protect the
nation against the worst-case scenarios.

It is my considered belief that the goals for the ultimate size
of the stockpile should be based on the worst case war scenario
even though we may decide that the cost is too great to be fully
implemented. It should be noted that in a report to the House and
Senate Armed Services Committees from Deputy Secretary of
Detense Taft dated 17 March 1987, the Department of Defense
stated “The estimated cost to build and maintain the planning force
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under the three-year total mobilization scenario is approximately
$1 trillion above current five-year defense plan levels.”

This Department of Defense estimate is in direct conflict with
the recent National Security Council stockpile study which was
based on the assumption of less than total mobilization and a war
whose intensity diminishicd after the first year and was concluded
in three years. rather than the first three years of a war of indefinite
duration. What serious student of military strategy and the defense
of Europe would publicly subscribe to the unlikely scenario put
forth in the National Security Council study? It is certainly not
what the existing statutorvy provision requires.

Policy-makers must be provided with an objective estimate
of stockpile requirements based on a worst-case wartime scenario
$0 that acceptabie funding priorities can be established for restruc-
turing the stockpile in a manner that will maximize our national
security.

Current Status of the Stockpile

The current National Defense Stockpile is composed of stra-
tegic and critical materials largely transterred from the Recon-
struction Finance Corporation after World War Il. materials
purchased during the Korean war. including Defense Production
Act inventories. $16.0 billion of materials obtained by the US
Department of Agriculture program. which bartered surplus ag-
ricultural commodities for these materials, and other purchases
such as the recent Reagan administration acquisitions.

Over this same period, approximately $9 billion of materials
have been sold fron the stockpile, leaving about $8.3 billion
(based on 29 September 1986 prices) of strategic materials stored
in some 107 depots in the United States.

The following charts show an analysis of stockpile materials
with excesses and shortages based upon criteria required by law
and not reduced as suggested in the recent National Security Coun-
cil stockpile study.
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Copper 14740
Aluminum Metal Group 11960
Titanium Sponge 11939
Zinc 960.9
Rubber 7294
Nickel 600.0
Platinum Grp.Met.-Pla. s1.e
Bauxite, Ref.
Platinum Grp.Met-Pal.
Lead
Cobalt
Aluminum Oxide, Ab. Gr.
Fluorspar, Met.Gr.
Tantalum Grp.
Vanadium Grp.
Fluorspar, Acid Grade
Cordage Fibers - Abaca
Pyrethrum
Jewel Bearings
Beryllium Met. Grp.
Chromite, Ref.Gr. Ore
Chromium, Ch. & Met.
Quinidine
Germanium
Morphine Sulph. & Rel.
Platinum Grp.Met.-Ir.
Cordage Fibers -Sisal
Rutile
Natural Insulation Fib.
Columbium Grp.
Ricinoleic/Seb. Acid
Graphite, Nat.Mai.-Cryst.
Cadmium
Mica, M.B.-St. & Better
Quinine
Graphite, Nat.Cey.-A.L.
Mica, P.B.
Bismuth

LTotaI Shortfall: $8.9 smionJ

Dollars
(Millions)

100 150 200 250 300 350 400 450

o
w
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Shortfalls in Inventory of Stockpile Materials
as of 30 September 1986.

Restructuring and Strengthening the Stockpile

If we are to satisfy the question “What is best for the United
States?” we must restructure and strengthen the stockpile. Con-
gress and the administration must agree on an objective analysis
of the quantity and quality of each material that is to be included
in the stockpile. This analysis must be made by the best qualified
persons in the nation and should include panels of experts from
the mining, milling, smelting, fabricating, and using segments,
in conjunction with government representatives. This analysis
should be considered a technical analysis and not a political,
economic, or budgetary exercise. The analysis must be based on
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Tin

Silver, Fine

Diamond Ind. Group
Vegetable Tannin-Qu.
Tungsten Group
Mercury

Silicon Carbide - Cr.
Thorium Nitrate
Asbestos, Chrys.
Mica, M.F.-1&2 Qual.
Asbestos, Amos.
Manganese Diox.-Bat.Gr.
lodine

Manganese Ch.&Met.Gr.
Quartz Crystals
Vegetable Tannin-Ch.
Antimony

Mica, M.S.

Mica, P.5.

Talc, Steatite-B&L
Sapphire & Ruby

|

Total Excess: $1.9 Billioil

.
Dollars
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Excesses in Inventory of Stockpile Materials

as of 30 September 1986.

a worst-case scenario that would include total mobilization of the
economy for not less than three years of a war of indefinite du-
ration. After the long-range requirement for each material has been
established, it should only be changed for unusual circumstances.
In this regard, a full-blown review of stockpile requirements
should be made every five years so that new materials can be
identified and incorporated, obsolete materials eliminated and sold,
and identification of the form and specifications for stockpiled
materials which should be modified.

When specifications and requirements have been established.
then we must develop a long-range plan for acquisition, disposal,
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and upgrading so that the materials in the stockpile will be suf-
ficient to be immediately responsive to wartime requirements. The
form of each material must incorporate as much labor, energy, and
transportation as possible before hostility begins.

We need to resurrect the original concept of the National
Defense Stockpile Transaction Fund as being a true revolving fund
and to put a stop to the continuing efforts by the Office of Man-
agement and Budget to sell off larger quantities of stockpiled
materials and diverting the proceeds to the general fund of the
Treasury. I am just as concerned about our federal budget deficit
as the Office of Management and Budget. but I think it is foolish
to liquidate our important stockpile assets to obtain funds simply
to reduce the deficit. We could go a long way toward strengthening
the National Defense Stockpile through the use of the Transaction
Fund approach. without adding a single dollar to the federal deficit.

We need to constantly assess which materials from foreign
sources would be most vulnerable to supplv disruption in case of
a war. We need to establish a planning process that prioritizes the
acquisition and upgrading of needed materials where the greatest
vulnerability and risk are indicated. For example. on 7 Januarv
1987 the Department of State certified that quantities of materials
being imported from South Africa such as antimony. chromium.
cobalt. industrial diamonds. manganese. platinum. rutile. and van-
adium were essential to the economy or to the defense of the
United States and are not available from other reliable and secure
supplicrs and. therefore. should be exempted from the Anti-
Apartheid Act of 1986 and its sanctions against South Africa.

We also need to have a process which will identify new
materials requirements resulting from new technologies and new
developments. I am thinking of such materials as the rare earth
metals. selenium, tellurium, hafnium, etc., and I am certain that
many other similar materials will become essential to our defense
and, if unavailable in the United States, will need to be included
in the National Defense Stockpile. At the same time. the process
needs to identify and eliminate from the stockpile obsolete ma-
terials as well as materials so far below specifications it would be
more economical to purchase new materials than to upgrade.
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The US Government has unnecessarily classified essential
information about the stockpile and. therefore, it has been un-
available to interested persons. Information about stockpile re-
quirements and stockpile proposals for the acquisition, disposal,
or upgrading of materials needs to be understood by a variety of
persons. We need to bring this information out into the open so
that informed opinions can be consi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>